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ABSTRACT 


Synthesis  of  2,  4-dimethylheptanoic  acid  has  been  completed.  Preliminary 
acute  toxicity  tests  indicated  that  2, 4-dimethylheptanoic  acid  has  a  low  order  of 
toxicity  (LiDgQ-5  gm/kg)  similar  to  other  short-chain  fatw  acids.  To  facilitate 
metabolic  studies,  synthesis  of  the  compound  labeled  has  begun  and  techniques 
for  quantitative  identification  of  probable  metabolic  products  have  been  developed. 
Further  studies  were  made  of  the  factors  influencing  the  caloric  bio-assay.  A 
series  of  animal  metabolic  studies  has  indicated  that  odd-carbon  fatty  acids  may  be 
partly  glucogenic.  In  addition,  1, 3-butanediol  was  utilized  for  energy  at  approxi¬ 
mately  6.0  cal/gm  in  high-fat  diets.  The  slower  growth  of  animals  fed  this  com¬ 
pound  at  levels  up  to  20  percent  of  the  diet  was  due  to  decreased  food  intake. 
Seven-month  feeding  tests  have  verified  the  effectiveness  of  1,  3-butanediol  and 
high-fat  levels  for  dietary  use  under  various  conditions. 
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SECTI(»f  A.  INTRODUCTKXl 


In  recent  years,  much  scientific  attention  has  been  focused 
onto  the  problems  associated  with  man's  relationship  to  unusual 
environments,  particularly  those  associated  with  travel  in  outer 
space.  Of  these  relationships,  the  problem  of  meeting  man's 
nutritional  needs  has  occupied  an  increasingly  important  place. 
Certainly,  there  have  not  been  adeguate  solutions  to  the  problem 
of  satisfying  man's  metabolic  requirements  under  the  conditions  of 
confinement  and  stress  associated  with  space  flight.  An  extended 
space  voyage  would  require  that  food  be  carried  or  produced  during 
the  flight,  and  this  would  have  to  be  accomplished  under  condi¬ 
tions  where  storage  space  and  load  i^eight  are  severely  limited. 
Obviously,  therefore,  all  material  that  man  requires  for  his  con¬ 
tinual  existence,  including  food  or  food-producing  ecological 
systems,  need  to  be  as  concentrated,  as  light  and  as  miniaturized 
as  possible. 

For  short  space  flights,  the  conventional  type  of  natural 
or  dehydrated  foods  and  feeding  systems  appear  to  be  sufficient 
(ref.  1).  In  addition,  nutritionally  complete  liquid  diets  could 
also  be  of  value.  However,  for  more  extended  operations  during 
which  some  stored  food  may  be  desirable  maximum  reductions  in 
vreight  and  space  are  quickly  attained  with  present  processing 
techniques.  Any  additional  reduction  in  space  and  %Might  requires 
a  totally  different  concept  of  food  and  food  materials. 

A  possible  approach  to  this  problem  was  introduced  in  WADD 
Technical  Report  60-575  (ref.  2)  entitled  High-Energy  Metabolites. 
Since  satisfaction  of  the  caloric  need  of  man  accounts  for  the 
largest  portion  of  food  consumed,  studies  were  directed  towards 
producing  high  energy  diets  by  using  ”high-energy  metabolites.” 
High-energy  metabolites  were  defined  as  known  2urtificial  or 
synthetic  compounds  which  have  a  greater  caloric  density  than  the 
more  usual  sources  of  nutrients. 

To  review,  WADD  Technical  Report  60-575  described  the  search 
for  high-energy  metabolites  and  methods  of  assaying  for  caloric 
density  using  a  newly  developed  bio-assay  and  a  direct-indirect 
animal  calorimeter.  Two  promising  compounds  were  developed  in 
this  research.  The  first,  1, 3-butanediol,  has  a  caloric  density 
of  approximately  6.0  Cal/gm  and  is  possibly  metabolized  as  a 
carbohydrate.  The  second,  a  methylated  fatty  acid  of  intermediate 
chain  length,  2 , 4-dimethylheptanoic  acid,  may  be  oxidized  in  the 
body  without  producing  ketosis.  The  synthesis  of  this  compound 
was  designed  and  completed. 

The  present  report  is  concerned  with  the  continuation  of  the 
previous  studies. 
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0b1 ectives 


The  objectives  of  this  research  were:  (a)  to  study  available 
compounds,  other  them  the  c<Miimon  aliments  (proteins,  fats,  carbo¬ 
hydrates)  ,  for  use  along  with,  or  admixed  with,  normal  foodstuffs 
to  provide  metabolizable  energy  in  the  humem  or  animal  body;  (b) 
to  investigate  the  physiological  effects  and  factors  affecting  the 
long-term  feeding  of  high  caloric  density  diets  containing  limited 
amounts  of  carbohydrate;  (c)  to  synthesize  amd  study  new  compounds 
which  have  high  physiological  fuel  value  and  are  efficiently 
utilized  in  the  body,  the  caloric  density  of  these  compounds  being 
of  such  high  order  that  diets  compounded  with  these  compounds 
have  a  higher  energy  content  than  that  normally  attained  with 
balanced  feeding  regimens  fairly  high  in  fat;  and  (d)  to  develop, 
improve,  emd  use  biological  and  physical  (calorimetric)  methods  in 
the  screening  and  evaluation  of  high-energy  metabolites. 
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SECTION  B.  INVESTIGATION  OF  COMPOUNDS  OP  HIGH  CALORIC  DENSITY 

I.  Introduction 

determine  the  main  metabolic 

P^ays  for  the  utilization  of  2.4-dimethylheptanoic  acid  (2.4- 
in  supplying  ^ergy  to  the  animal  body.  This  requires 
s^thesis  of  the  acid,  study  of  its  toxicity,  synthesis  of  2  4- 

investigation  of  t^^ 

?hea?!^«f  derived  from  the  labeled  compound.  Syn- 

thes^  of  the  unlabeled  compound  and  determination  of  its  toScity 

maJo^!r^«r^  ^  labeled  acid  by  means  of  a 

thi?  e*ter  condensation  is  in  progress.  Since  it  is  expected 
unoxidized  portion  of  ingested  2.4-DMHA  will  consist  of 
monocarboxylic  and  dicarboxylic  acids,  an 
Malytical  scheme  has  been  developed  for  separation  and  identifi¬ 
cation  of  such  compounds. 

Reasons  for  interest  in  the  utilizable  energy  value  of  2.4- 
DMHA  were  discussed  in  WADD  Technical  Report  60-575  (ref.  2). 

— The  Synthesis  of  2.4-DimethvlheDtanoi^  xniA 

The  synthesis  of  2.4-DMHA  is  described  below. 

During  the  course  of  a  routine  check  of  its  purity  by  gas 
chromatographic  analysis  of  its  methyl  ester,  it  was  noted  that 
two  com^nents  were  present  in  comparable  quantity.  Since  this 
observation  indicated  the  possible  presence  of  a  hitherto  undis- 

2.4-DMHA.  a  detailed  investigation  was  under- 
takw  to  disclose  the  nature  of  this  impurity.  Experimental 
evidence  has  shown  that  the  two  peaks  in  question  represent  the 
two  d^stereoisomers  of  2,4-dimethylheptanoic  acid,  and  further 
corroborate  the  theoretical  structure  of  this  compound. 


Experimental 


Apparatus 


J^®"«^®9ra^ic  analyses  were, done  on  an  instrument  con- 
structed  in  these  laboratories  employing  a  thermistor  katharoroeter 
r  columns  were  used:  (a)  1  meter.  4  mm  i.d.,  10% 

(  /w)  Carbowax  4000  on  60  to  80  mesh  diatomaceous  earth  and  (b) 

2  meter,  4  mm  i.d.,  10%  (w/w)  di ethyleneglycol  succinate  (DEGS)  on 
60  to  65  mesh,  acid-washed  diatomaceous  earth.  Helium  flow  rate 
was  50  ml/min.  Colximn  temperatures  were  50  *C  or  100  “C. 

Infrared  spectra  were  obtained  by  means  of  a  Beckman  lR-5 
spectrophotometer  equipped  with  a  KBr  beam  condenser. 
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Materials 


2-Methylpentanol-l  (I)  was  dried  and  distilled  twice  before 
use.  1.4185.  b.p.  93-95*C  (92  mn) .  Gas  chromatographic 

analysis  of  I.  after  its  pxirification.  showed  one  peak  on  the 
Carb^ax  column  at  100  *C. 

20 

Diethyl  methylmalonate  (III)  was  distilled  before  use.  nj, 
1.4129.  b.p.  194-196*C  (760  nra) .  The  purity  of  III  was  studied 
by  its  saponification,  decarboxylation  and  esterification  of  the 
resulting  free  acids  with  diazomethane  (ref.  3).  Gas  chrostato— 
graphic  analysis  of  the  esters  on  the  DBGS  colusin  at  50  C  showed 
the  presence  of  SK>re  than  99%  methyl  propionate  and  slightly  less 
than  1%  of  methyl  acetate.  It  was  concluded  that  III  had  contained 
more  than  99%  diethyl  methylmalonate  and  slightly  less  than  1%  of 
diethyl  malonate. 

Diethyl  malonate  was  more  than  99%  pure  as  determined  by  gas 
chromatography  on  the  DEGS  column  at  100*C.  A  single,  minor, 
unidentified  peak  was  present. 

2 . 4-DimethvlheDtanoic  acid  (IV) 

I  %fas  treated  with  PBr3  according  to  the  procedure  of  Holler 
and  Dinsmore  (ref.  4).  l-Bromo-2-methylpentane  (II)  was  obtained 
in  55.6%  yield,  b.p.  42-43*C  (15.5  mm),  n^  1.4480  (n|,"  1.4495) 

(ref.  5).  Gas  chromatography  of  II  on  the  Carbovrax  column  at  100  C 
showed  one  peak.  Its  Infrared  spectrum  contained  no  OB  bands. 

Anal.  Calcd.  for  CgH]^3Brx  C.  43.65;  H.  7.94;  Br.  48.44. 

Found;  C.  43.47;  H.  7.82;  Br.  48.73. 

Sodium  t-butoxide  (1.05  M.  24.15  gm  sodium)  in  800  ml  of 
t— butyl  alcohol  was  treated  with  III  (1.10  M,  191.5  gm)  followed 
by  II  (1.05  M.  173.2  gm)  .  The  resulting  mixture  ms  worked  up  in 
the  conventional  manner  (ref.  6)  to  give  the  disubstituted  malonic 
aster.  The  ester  %fas  saponified  for  48  hours  with  50%  KOH.  The 
free  acid  was  decarboxylated  by  refluxing  with  constant  boiling 
BCl  for  24  hours.  The  free  acid  IV  was  obtained  in  50%  yield, 
b.p.  82-83*C  (0.6  mm).  nu^O  1.4302. 

Anal.  Calcd.  for  CoH.oO,:  C.  68.35;  H.  11.39.  Neutral 
eguivalent  158.0.  Found:  cf  68.34;  H.  11.15.  Neutral  equivalent 
158.0  ±  0.5. 

Esterification  (ref.  3)  of  about  50  mg  of  IV  yielded  methyl 
2 . 4-dlmethy Iheptanoate  (V). 
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ST  f  **'  ^  i"  150  »1  of  absolute 

malonate  (0.34  M.  54.5  gm)  and  l-broino-2-inethyl- 

STTTT^T  ,  reacted  in  the  usual  manner  to  give 

^ethyl  2-TOthylpentylinalonate  (VI),  n^j^O  1.4287,  b.p.  110-112*C 

13.2  mn),  in  73%  yield.  Gas  chromatography  of  VI  on  the  Carbo«#ax 
col^  at  100  C  shoifed  one  peak.  Saponification  of  5  gm  of  VI 
yielded  2-methylpentylmalonic  acid  (VII)  from  which  %ns  formed  its 
bis-S-benzylthiouroni\im  salt. 

^25^36**4®4®2 *  C.  57.66;  H,  6.98;  N.  10.78. 
Pound:  C.  58.16;  H,  7.17;  N,  10.42. 

Decarboxylation  of  about  50  mg  of  VII  and  esterification  of 
the  resulting  4-methylheptanoic  acid  (VIII)  yielded  methyl  4- 

chromatography  of  IX  on  the  DECS  column 

St  100 *C  showed  one  peak. 

Sspsration  of  Diastereoisomers  of  V 

^Chromatography  of  methyl  2,4-diMthylheptanoate  (V)  on  the 
DECS  column  at  100 ‘C  (flow  rate  50  ml/min.)  resulted  in  elution 
of  two  well  separated  peaks  (A  and  B)  within  10  min.  The  separa- 
tion  factor  (#)  (the  ratio  of  the  partition  coefficients  of  peak  A 
Md  peak  B)  was  1.09.  Resolution  (ref.  8)  of  the  components^s 
1.07.  The  possibility  that  one  of  the  cosiponents  was  methyl  4- 
methylhept^oate  (VIII),  methyl  propionate,  or  2.4-dinethylheptanoic 
acid  was  eliminated  on  the  basis  of  the  retention  volumes  of 
reference  samples  at  the  above  conditions. 

Peak  A  was  collected  as  it  was  eluted  from  the  DECS  column 
and  re-chromatographed  under  the  same  conditions.  Only  one  peak 
%fas  obtained.  The  infrared  spectrum  of  peak  A,  as  a  pure  liquid 
and  in  carbon  tetrachloride  solution,  was  essentially  identical 
to  the  spectrum  of  methyl  2 , 4-dimethylheptanoate  (V).  Normalisa¬ 
tion  of  the  area  under  peaks  A  and  B  showed  that  peak  A  represented 
53.2%  of  the  total  mixture. 


Methyl  2,4— disiethylheptanoate  was  heated  under  reflux 
for  21  hours  in  the  presence  of  1  M  sodium  methoxide  in  anhydrous 
methanol.  The  infrared  spectrum  of  the  resulting  ester,  as  a  pure 

Although  a  number  of  liquid  phases  %fere  investigated 
(Carbowax  4000.  Carbowax  1500.  DCon  LB-1715.  Silicone  SB-30,  and 
Silicone  QF-1) ,  only  DECS  effected  a  sepeuration  of  the  diasteri- 
oisomers  of  siethyl  2,4— dimethylheptanoate. 
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liquid  or  in  carbon  tetrachloride  was  essentially  identical  with 
the  spectrum  of  untreated  methyl  2 , 4-dimethy Iheptanoate .  Chroma¬ 
tography  on  the  DECS  colxunn  showed  the  presence  of  peaks  A  and  B. 
The  area  of  peak  A  had  decreased  to  41.8%  of  the  mixture. 

2.  An  approximately  10%  aqueous  solution  of  sodium  2,4- 
dimethylheptanoate  was  heated  18  hours  in  a  sealed  tube  at  115*C. 
The  free  acid  was  isolated  and  esterified  with  diazomethane. 
Separation  of  the  ester  on  the  DECS  column  showed  that  peak  A  had 
increased  to  56.2%  of  the  total  mixture  of  components  A  and  B. 

Discussion 

The  synthesis  of  2 . 4-dimethy Iheptanoic  acid  was  accomplished 
in  a  straightforward  manner.  The  fact  that  its  methyl  ester  was 
separated  by  gas  chromatography  into  tvro  almost  equal  components 
(A  and  B)  suggested  that  diastereoisomers  had  been  resolved.  The 
possible  presence  of  impurities,  such  as  methyl  4-methylheptanoate, 
methyl  propionate  and  free  2 . 4-dimethy Iheptamoic  acid,  was  elimi¬ 
nated  by  comparison  of  the  retention  volumes  of  components  A  and  B 
with  those  of  the  authentic  reference  compounds. 

A  and  B  were  shown  to  be  diastereoisomers  by  the  fact  that 
the  infrared  spectrum  of  A  was  essentially  identical  to  the  infra¬ 
red  spectrum  of  methyl  2, 4-dimethy Iheptanoate,  that  the  relative 
quantities  of  A  iuid  B  were  changed  by  epimerization,  and  that  the 
infrared  spectrum  of  the  epfinerized  mixture  liras  the  same  as  that 
of  the  original  methyl  2,4-diinethylheptanoate. 

111.  Toxicity  Studies  with  2.4-Dimethvlheptanoic  Acid 

Initial  studies  of  the  acute  toxicity  of  2,4-DMHA  and  its 
sodium  salt  have  been  completed.  These  investigations  attempted 
to  estimate  the  LD5q(7  days)  of  these  compounds  and  thus  gain 
knowledge  of  the  feasibility  of  their  use  as  dietary  components. 

Objective 

To  determine,  in  the  rat,  the  single  lethal  oral  dose  for 
2,4-OMHA  2md  its  sodium  salt. 

Materials  and  Methods 

Male  Sprague -Dawley  (Charles  River  Breeding  Laboratoty, 
Wilmington,  Mass.)  200-^  rats  were  used.  They  were  housed  in 
individlial,  wire-bottomed  cages  and  were  fed  water  and  Purina  Lab 
Chow  ^  libitum.  Food  was  removed  from  the  cages  12  hours  prior 
to  intubation  so  that  the  animals'  stomachs  would  be  relatively 
empty. 
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2f4— DMHA  was  mixed  in  corn  oil,  while  sodium  2,4— DMHh  was 
®ixed  in  water.  Dose  levels  of  0.1  gm/kg  to  10  gtn/kg  were  intu¬ 
bated  in  a  single  3-ml  dose  by  means  of  a  ball  point  intubation 
needle.  Control  animals  were  given  the  same  volume  of  corn  oil 
or  water.  After  intubation,  the  animals  were  replaced  in  their 
cages,  fed  ad  libitum  and  observed  for  1  %raek. 

Results  and  Discussion 

The  results  of  this  study  are  summarized  in  Table  1.  Based 
on  these  data,  the  LD^qC?  days)  is  estimated  to  be  about  5  gm/kg, 
a  level  which  places  2,4-DMHA  in  the  "slightly  toxic"  category. 

The  toxic  responses  of  the  animals  included:  lack  of  coordi¬ 
nation,  polypnea,  unconsciousness,  narcosis,  and  death.  Animals 
receiving  the  lowest  dose  levels  showed,  in  general,  none  of  these 
responses  while  those  receiving  intermediate  levels  demonstrated 
many  of  these  symptoms.  Death  in  the  most  severely  stressed 
animals  generally  occurred  within  24  hours  after  feeding. 

This  slight  toxicity  of  2,4-dimethylheptanoic  acid  and  its 
sodium  salt  has  been  observed  for  almost  all  fatty  acids  of  chain 
lengths  less  than  9  carbon  atoms  (ref.  9)  and  for  triglycerides 
of  these  fatty  acids  (ref.  10).  The  toxicity  is  presumably  due 
to  the  effect  of  low  molecular  weight  fatty  acid  anions  on  the 
central  nervous  system.  This  effect,  however,  is  not  well  under¬ 
stood. 

It  is  expected,  however,  that  this  slight  toxicity  of  2,4- 
dimethylhcptanoic  acid  will  be  reduced  considerably  in  the  rat 
when  it  is  fed  as  part  of  a  mixed  diet,  since  dietary  short— chain 
acids  are  commonly  consumed  without  evidence  of  toxic  responses. 

It  is,  therefore,  expected  that  the  observed  toxicity  of  this  com¬ 
pound  will  not  be  significant  in  terms  of  either  the  study  of  its 
in-vivo  metabolism  or  its  potential  use  as  a  high  caloric  density 
dietary  supplement. 


Summary 

The  oral  LD5q(7  days)  of  2,4-dimethylheptanoic  acid  and  its 
sodium  salt  was  estimated  to  be  approximately  5  gmAg.  This  slight 
toxicity  is  similar  to  those  observed  upon  examination  of  other 
short-chain  fatty  acids  and  is  not  expected  to  be  significeuit  when 
this  compound  is  fed  as  part  of  a  mixed  ration  or  vhen  it  is  used 
for  in-vivo  metabolic  studies. 

IV.  Synthesis  of  2.4-Direethvlheptanoic  Acid-2-Methvl-C^^ 

Preparation  of  labeled  2,4-DMHA  required  that  its  yield  (based 
on  the  radioactive  starting  material)  be  optimized,  and  that  its 
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TABLE  1 


THE  SURVIVAL  OP  MALE  ADULT  RATS  INTUBATED 
WITH  A  SINGLE  ORAL  DOSE  OP  2.4-DIMBTHYLHBPTANOIC  ACID 
OR  SODIUM  2.4-DIMETHyLHBPTAMOATE* 


Dose  Level  (gm/ku) 

Compound 

0** 

0.1 

1.0 

2.5 

3.0 

7.5 

10.0 

% 

% 

% 

% 

% 

% 

% 

Sodium  2«4- 
Dimethyl- 
heptanoate 

100 

(5)* 

100 

(3) 

100 

(4) 

100 

(2) 

... 

0 

(4) 

2. 4-Dime thy 1- 
heptanoic  Acid 

100 

(8) 

100 

(3) 

0 

(6) 

*  Pigures  in  parenthesis  refer  to  number  of  animals  per  group. 

**  These  animals  were  intubated  with  the  same  volume  of  the 
respective  solvents  as  were  the  test  groups. 
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synthesis  be  carried  out  on  a  sdcro-scale.  Thus  conditions  for 
its  synthesis  axe  necessarily  different  from  those  en^loyed  in 
preparation  of  unlabeled  2,4-DNHA.  Development  of  these  conditions 
is  in  progress  with  unlabeled  reactants. 

The  general  scheme  of  the  synthesis  involves  condensation  of 
diethyl  2-methylpentylinalonate  %fith  radioactive  methyl  iodide  in 
the  presence  of  sodium  ethoxide.  Saponification,  decarboxylation, 
and  isolation  will  then  be  caurried  out  in  a  manner  analogous  to 
that  employed  for  the  synthesis  of  non -radioactive  2,4-DMHA.  The 
synthesis  of  diethyl-2^ethylpentylmalonate  has  been  described  in 
*Mtion  B,  II  of  this  report. 

Methyl  iodide  (14.1  mM,  2  gm)  was  reacted  with  diethyl-2- 
®*^^y^P®**^yl®^lonate  (14.8  mM,  3.44  gm)  in  the  presence  of  sodium 
ethoxide  (14.1  stft,  0.324  gm  Na)  in  20  ml  of  absolute  ethyl  alcohol. 
The  resulting  mixture  was  stirred  at  room  temperattire  for  three 
hotirs  and  then  heated  under  reflux  for  12  hours.  The  reaction 
mixture  was  then  saponified  and  decarboxylated  in  the  usual  wanner 
and  the  resultant  acid  esterified  (ref.  3) .  Gas  chromatographic 
analysis  of  the  methyl  ester  on  the  DECS  column  (see  section  B,  II) 
indicated  the  presence  of  the  usual  mixture  of  diastereoiscmers  of 
methyl  2,4-dimethylheptanoate  plus  about  17%  of  methyl  4-methyl- 
heptanoate  which  represented  unalkylated  starting  material. 

The  synthesis  will  be  repeated  in  order  to  determine  the 
yield  of  2,4-DMHA  and  to  prevent  accumulation  of  4-methylheptanoic 
acid  as  an  end  product. 

V.  Determination  of  Certain  Monocar boxv lie  and 
Polvcarboxvlic  Acids 

A  gas  chromatographic  procedure  for  the  separation  of  the 
methyl  esters  of  a  number  of  monocarboxyl ic  and  polycarboxylic 
acids  has  been  established.  Esterification  of  the  acids  has  been 
carried  out  successfully  and  routinely  with  diazomethane  by  means 
of  the  procedure  of  Roper  and  Ma  (ref.  3).  The  esters  which  have 
been  studied  axe  listed  in  Table  2.  Fumaric  acid  was  not  esteri¬ 
fied  by  this  procedure. 

Gas  chromatographic  separation  of  all  of  the  esters  listed 
in  Table  3  has  been  achieved  on  two  different  columns.  A  1-meter 
colximn  containing  10%  Carbowax  4000  on  Chromosorb  P,  60/80  mesh, 
at  150*C  brought  about  the  sepauration  shown  in  Table  3.  All  the 
compounds  tested,  with  the  exception  of  dimethyl  glutarate  auid 
dimethyl  2-methylglutarate,  were  sepaurated  under  these  conditions. 

Improved  resolution  and  paurticulau:  improved  sepauration  of  the 
lower  boiling  esters  was  achieved  (see  Table  4)  by  using  a  1-meter, 
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TABLE  3 


GAS  CHROMATOGRAPHIC  SEPARATION  OP  CERTAIN  METHYL  ESTERS  ON  THE 

CARBOWAX  COLUMN  AT  ISO’C 


Ester 


Relative  Retention  Time* 


Methyl  2,4-dimethylheptanoate 

0.378 

Dimethyl  oxalate 

0.440 

Dimethyl  2-methymalonate 

0.475 

Dimethyl  malonate 

0.598 

Dimethyl  2-methylsuccinate 

0.890 

Dimethyl  succinate 

1.00 

Dimethyl  glutarate 

1.49 

Dimethyl  2-methylglutarate 

1.49 

Dimethyl  adipate 

2.48 

Dimethyl  2-hydroxysuccinate 

5.15 

Dimethyl  sebacate 

14.4 

Trimethyl  citrate 

24.8 

*  Relative  to  methyl  succinate  (t^  «  4.1  min.). 
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TABLE  4 


GAS  CHROMATOGRAPHIC  SEPARATION  OP  CERTAIN  METHYL  ESTERS  ON  THE 

DECS  COLUMN  AT  100 *C 


B«fr 

Diatethyl  oxalate 
DiaMthyl  2-iBethylinalonate 
Dinethyl  aalcxiate 
Diaiethyl  2-fnethylsucclnate 
Dinethyl  auccinate 
DiMthyl  2-nethylglutarate 
Dinethyl  glutarate 


Relative  Retention  Time* 

0.383 

0.461 

0.651 

0.804 

1.00 

1.49 

1.68 


*  Relative  to  methyl  succinate  (t^  ■  22.4  min.). 
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109(  diethyleneglycol  succinate  (DECS)  on  60/65  nesh,  acid  washed, 
Chronosorb  P  column  at  100  *C. 

On  the  basis  of  the  above  results,  it  was  cleau:  that  an 
efficient  method  for  the  analysis  of  a  number  of  monocarboxylic 
and  poly carboxylic  acids  of  interest  had  been  developed.  Further 
refinement  of  the  method  is  not  practical  until  knowledge  of  the 
acids  actually  obtained  as  metabolic  products  becomes  available. 

VI.  Analysis  of  Drine  Acids 

Since  it  is  anticipated  that  metabolic  products  of  2,4- 
dimethylheptanoic  acid  may  include  acids,  preliminzury  investiga¬ 
tion  of  methods  of  the  isolation  of  acids  from  urine  seemed 
«rarranted.  It  %ras  also  of  interest  to  determine  the  degree  of 
difficulty  of  obtaining  a  gas  chromatographic  pattern  of  the 
methyl  esters  of  the  acids  thus  isolated. 

Urine  (30  ml) ,  collected  over  a  period  of  three  days  from  a 
400-gm  rat  and  stored  at  0*C,  %#as  brought  to  boiling  and  immedi¬ 
ately  filtered  through  SS#S97  filter  paper.  The  filtrate  %ras 
concentrated  to  a  volume  of  5  ml  in  a  rotary  evaporator  at  30*C. 

The  concentrate  %ra8  saturated  with  sodium  chloride,  adjusted  to 
pH  1  %rith  concentrated  HCl,  transferred  to  a  continuous  liquid- 
liquid  extractor,  and  extracted  with  ether  for  24  hours.  The  ether 
extract  was  dried  over  anhydrous  sodium  sulfate  amd  the  ether 
removed  in  a  stream  of  dry  air.  The  resulting  brownish  seoii -solid 
residue  was  dissolved  in  1  ml  of  ether,  transferred  to  a  1/2-dram 
vial  and  ester if led  with  diazomethane.  The  esters  thus  obtained 
were  chromatographed  on  the  Carbowaoc  4000  column  at  150 *C.  A 
total  of  thirteen  separate  peaks  was  observed.  No  atteiqpt  was 
made  to  identify  these  peaks  since  only  the  general  efficacy  of 
the  method  was  being  tested. 

As  a  result  of  these  investigations,  it  was  cleeur  that  a 
coBiplex  mixture  of  acidic  components  could  be  isolated  in  a  rela¬ 
tively  single  manner  from  rat  urine,  and  that  gas  chromatography 
offered  a  convenient  and  prosiising  method  for  its  separation. 
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SECTION  C.  ANIMAL  EXPERIMENTATION 

I .  Introduction 

The  objectives  of  the  animal  experimentation  phase  of  this 
investigation  were  to  establish  a  metabolic  basis  for  the  evalua¬ 
tion  of  the  suitability  of  potential  high-energy  dietary  components. 
These  studies  were  concerned  with  the  determination  of  the  meta¬ 
bolic  caloric  density  of  these  compounds  as  well  as  the  evaluation 
of  the  physiological  and  nutritional  effects  of  feeding  high-energy 
dietary  components. 

In  the  approach  that  has  been  followed,  the  animal  studies 
were  divided  into  the  two  general  areas  as  follows: 

1.  Determination  of  the  variables  which  may  affect  the 
reliability  and  sensitivity  of  the  M.I.T.  bio-assay  for  caloric 
density. 


2.  Investigation  of  the  physiological  and  nutritional  effects 
as  %rall  as  the  metabolism  of  energy-yielding  compounds  and  the 
factors  which  may  influence  their  utilization. 

A  total  of  8  2uiimal  experiments  vrere  conducted  during  the 
period  covered  by  this  report.  These  are  classified  and  discussed 
in  the  following  order: 

1.  Caloric  bio-assay.  Experiments  One  to  Three 

2.  Utilization  and  metabolism.  Experiments  Pour  to  Seven 

3.  New  compounds.  Experiment  Eight 

II.  Report  on  Eight  Animal  Experiments 

The  eight  whole-animal  studies  which  have  been  conducted 
during  this  report  period  are  described  below: 

Experiment  One 

EFFICACY  OF  THE  M.I.T.  BIO-ASSAY  FOR  CALORIC  DENSITY 

USING  A  DIFFERENT  STRAIN  OF  ANIMALS— CAESAREAN  DERIVED 
"SPECIFIC  PATHOGEN  FREE"  RATS 

Introduction  and  Purpose 

In  order  to "achieve  more  uniform  experimental  results  and  to 
help  control  disease  variables  whenever  possible,  the  M.I.T. 

Animal  Laboratory  has  converted  to  the  use  of  Caesarean-derived 
(C.D.)  strains  of  animals  which  are  practically  pathogen  free. 
These  euiimals  cost  more  than  regular  Sprague-Dawley  rats,  but  the 
extra  expense  has  been  justified  by  healthier  animals  and  more 
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uniform  responses  to  experimental  treatment,  m  addition,  it  was 
soon  noted  that  the  C.D.  animals  grew  faster  than  conventional 
rats  and,  therefore,  may  have  different  nutritive  requirements 
•during  the  early  growth  period  in  which  their  bacterial  flora  is 
being  fully  developed. 

The  concept  that  the  C.D.  animals  may  have  unique  nutritive 
requirements  raised  the  question  of  how  these  emimals  would  respond 
to  the  M.I.T.  bio-assay  for  caloric  density.  Therefore,  an  experi¬ 
ment  was  conducted  in  vrhich  the  caloric  assay  procedure  was  employed 
with  C.D.  weanling  rata  fed  known  test  substances  in  the  form  of 
fat  (oleic  acid) ,  carbohydrate  (sucrose) ,  and  protein  (lactalbumin) . 

Experimental  Procedure 

An  essential  feature  of  the  M.I.T.  bio-assay  for  caloric 
density  is  that  animals  on  the  basal  unsuppleroented  diet  must  lose 
weight  during  the  1-week  feeding  period.  Other  groups  are  con¬ 
currently  fed  the  basal  diet  plus  graded  amounts  of  supplement. 

Thus,  the  growth  rate  should  be  directly  proportional  to  the 
caloric  content  of  the  supplement. 

Information  available  on  C.D.  rats  indicated  that  they  had  a 
lower  requirement  for  calories  th£m  conventional  animals.  There¬ 
fore,  as  shown  in  Table  5,  the  caloric  content  of  the  basal  diet 
was  made  as  low  as  possible  by  limiting  the  amount  of  corn  oil  to 
IX,  just  enough  to  meet  linoleic  acid  requirements.  Then,  by 
carrying  out  a  feeding  test  with  various  amounts  of  the  basal  diet, 
it  was  determined  that  a  daily  feeding  of  8  gm  of  the  basal  diet 
for  a  1-week  period  to  animals  weighing  approximately  46  gm  would 
result  in  a  weight  loss  of  approximately  5  gm.  Having  established 
the  basal  conditions,  the  formulation  of  other  diets  was  a  matter 
of  adding  the  test  substances  as  supplements  to  the  basal  ration 
in  progressively  increasing  amounts. 

Ten  groups  of  10  animals  each,  a  total  of  100  animals,  were 
used  in  this  study.  The  animals  were  weanling  Caesarean— derived 
male  rats  obtained  from  the  Charles  River  Laboratories  "pathogen 
free"  colony.  They  were  housed  in  the  M.I.T.  Animal  Laboratories 
under  controlled  temperature,  humidity,  and  lighting  conditions. 

Agar  gel  diets  were  used  in  this  test  in  order  to  minimize 
food  spillage  and  permit  an  accurate  determination  of  food  consximp- 
tion.  ^  Diet  composition  is  given  in  Table  5.  The  animals  were 
arranged  in  groups  which  had  an  average  weight  of  47  gm  and  were 
given  diets  in  the  amounts  specified  below; 
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Total  2149  2213  2337  2445  2273  2401  2401  2785  2401  2529 


Daily  Supple. 


No 

• 

Diet 

Code 

to  8  am  Bas« 

Group 

“l 

Basal 

B 

0 

gm 

M 

2 

Lard  Std.  Curve 

ST-1 

0.24 

gm 

N 

3 

MM  M 

ST-3 

0.67 

gm 

M 

4 

MM  M 

ST-5 

1.10 

gm 

M 

5 

Oleic  Acid  Test 

OA-2 

0.46 

gm 

M 

6 

M  M  M 

OA-4 

0.93 

gm 

N 

7 

Sucrose  Test 

SU-2 

0.93 

gm 

N 

8 

M  M 

SU-5 

2.37 

gm 

M 

9 

Lactalbumin  Test 

LA-2 

0.93 

gm 

M 

10 

M  « 

LA-3 

1.41 

gm 

Reaulta 


Good  results  were  obtained  in  this  test  showing  that  the  M.I.T. 
bio-assay  for  caloric  density  can  be  adapted  to  different  strains 
of  animals  by  making  adjustments  in  the  caloric  density  and  astounts 
of  basal  diet  fed.  Growth  curves  and  calculation  data  are  given 
in  Figure  1  and  Table  6.  A  summary  of  the  results  obtained  follows, 


Test  Substance 
Lard 

Oleic  Acid 

Sucrose 

Lactalbumin 


Energy  Utili- 
zation  Index' 


17.48 

14.57 

7.26 

8.08 


Caloric  Densit 
Pound 
9.0  (Std.) 

7.5 

3.7 

4.2 


»r  Gram 


Ml] 


9.0 

7.8** 

4.0 

4.0 


*Slope  of  line  relating  growth  with  supplementary  caloric 
intake  as  per  Figure  1 . 

**Ba8ed  on  9  Cal/gm  x  87%  utilization. 

Summary  * 

AS  indicated  above,  the  caloric  values  obtained  for  oleic 
acid,  sucrose  and  lactalbumin  are  rather  close  to  the  actual  theo¬ 
retical  figures.  It  snist,  therefore,  be  concluded  that  if  the 
proper  procedures  are  followed  the  M.I.T.  bio-assay  for  caloric 
density  can  be  made  applicable  to  different  strains  of  rats. 

Experiment  Two 

SEC(Xn>  M.I.T.  CALORIC  BIO-ASSAY  EXPERIMENT  USING 
C.D,  "SPECIFIC  PATHOGEN-FREE"  RATS 

ntroduction  and  Purpose 

In  Experiment  One,  it  was  established  that  the  M.I.T.  bio- 
assay  for  caloric  density  could  be  successfully  adapted  to  a  new 
strain  of  C.D.  (Caes2urean-derived)  animals.  Nevertheless,  before 
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AVERAGE  BODY  WEIGHT  CHANGE 


I 


FIG.  I  SLOPES  OF  LINES  RELATING  BODY  WEIGHT  CHANGE  WITH 
AMOUNT  OF  CALORIC  SUPPLEMENT  FED 

I 
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TABLE  6 


SUMMARY  OP  RESULTS  AND  DATA  USED  IN  CALCULATION  OF  THE  SLOPES  AND 
CALORIC  DENSITIES  OF  TEST  MATERIALS  SHOWN  IN  FIGURE  1 


SuDDl .  Fed 

Body  Wt. 
Chance 

Corrected  Body 
Wt.  Chance* 

gm 

gm 

Lard  Std.  Curve 

Basal 

0 

-4.8 

-4.5 

ST-1 

0.24 

-0.3 

-0.3 

ST-3 

0.67 

7.8 

7.2 

ST-5 

1.10 

14.4 

14.8 

Oleic  Acid  Curve 

Basal 

0 

-4.8 

-4.3 

OA-2 

0.46 

3.4 

2.4 

OA-4 

0.93 

8.9 

9.3 

Sucrose  Curve 

Basal 

0 

-4.8 

-4.3 

SU-2 

0.93 

3.4 

2.5 

SU-5 

2.37 

12.6 

13.0 

Lactalbumin  Curve 

Basal 

0 

-4.8 

-4.7 

LA-2 

0.93 

3.3 

2.9 

LA-3 

1.41 

6.4 

6.7 

*  These  values  were  determined  by  the  method  of  least  square  zmd 
were  used  to  locate  the  lines  of  best  fit  shown  in  Figure  1. 
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accepting  the  method,  it  vas  decided  to  repeat  the  original  experi¬ 
ment  and  also  to  study  a  number  of  other  compounds  of  kno«m  caloric 
density. 


Experimental  Procedure 


Eighteen  groups  of  10  animals  each,  a  total  of  180  animals, 
were  used  in  this  study.  The  animals  were  %reanling  Caesarean- 
derived  (C.D.)  rats  obtained  from  the  Charles  River  Laboratories 
"specific  pathogen-free"  colony.  The  animals  differed  from  those 
used  in  the  previous  caloric  bio-assay  in  that  they  averaged  about 
4  gm  heavier  and  had  a  wider  range  in  their  individual  weights. 

As  in  the  previous  caloric  experiment,  agar  gel  diets  %#ere 
fed  in  order  to  permit  an  accurate  allotment  of  food  and  to  mini¬ 
mize  food  spillage.  Diet  conceit  ion  is  given  in  Table  7.  The 
experimental  treatments  are  outlined  in  Table  8. 

Results 


The  results  obtained  in  this  test  %#ere  not  as  good  as  those 
reported  for  the  previous  caloric  bio-assay.  As  shown  in  Table  8, 
growth,  as  was  to  be  expected,  always  increased  with  the  addition 
of  larger  amounts  of  supplement.  However,  the  calculated  Energy 
Utilization  Indices  are  higher  in  this  test  than  those  obtained 
in  the  earlier  test  iirith  the  exception  of  that  of  the  standard 
lard  curve.  For  this  reason,  caloric  densities  (Table  9)  tended 
to  be  greater  than  the  maximum  theoretical  values.  This  might 
have  been  a  function  of  the  higher  initial  weights  of  these  animals 
as  compared  to  those  of  Experiment  One,  as  well  as  the  greater 
rauige  in  initial  weights  of  the  animals  of  the  test.  The  influence 
of  these  factors  may  have  resulted  in  appaurently  excessive  body 
%reight  gains  %rhich  would  then  produce  increased  energy  utilization 
indices . 


Summary 

Results  obtained  from  a  second  caloric  bio-assay  using  C.D. 
rats  were  generally  higher  than  theoretical  caloric  values.  It 
is  thought  that  the  anisials  used  varied  too  much  in  initial  weight 
to  give  precise  caloric  values.  This  was  studied  further. 

Experiment  Three 

FACTORS  AFFBCTIHG  THE  EFFICACY  OF  THE  M.I.T.  BIO-ASSAY 
FOR  CALORIC  DENSITY 

Introduction 

This  experiment  was  designed  to  study  the  influence  of  initial 
body  weight  of  rats  on  the  efficiency  of  the  M.I.T.  caloric  bio-assay. 
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TABLI  a 

SUtMMtY  OF  RBSULTS  AND  DATA  USBD  XM  CALCULATION  OP  SLOPKS  AND  CALORIC  DBNSITIBS 

OP  TEST  MATERIALS 


CrouD 

Daily  Suppl. 
to  8  On  Basal 

Total  Amt. 
fed  Daily 

Body  Mt. 
Chanae 

Corrected  Body 

Wt.  Chanae* 

gm 

9* 

gm 

RTPi  CURVI 

B 

0 

a.o 

-9.0 

-5.8 

8T-1 

0.24 

8.3 

1.3 

-1.5 

8T-3 

0.67 

8.7 

8.9 

6.3 

8T-5 

1.10 

9.1 

11.9 

14.0 

OLEIC  ACID  CURVE 

B 

0 

8.0 

-9.0 

-7.9 

OA-2 

0.46 

8.5 

2.4 

0.3 

OA-4 

0.93 

8.9 

7.7 

8.7 

SUCROSE  CURVE 

B 

0 

8.0 

-9.0 

-8.5 

SU-2 

0.93 

8.9 

0.2 

0.8 

SU-S 

2.37 

10.4 

10.9 

11.2 

LACTALBCTUN  CURVE 

B 

0 

8.0 

-9.0 

-8.8 

LR-2 

0.93 

8.9 

2.2 

1.3 

LA-3 

1.41 

9.4 

6.0 

6.6 

DRIED  NnOL|  fOg  CURVE 

B 

0 

8.0 

-9.0 

-8.2 

WE-l 

0.46 

8.5 

-0.6 

-1.8 

WB-2 

0.67 

8.7 

1.4 

1.2 

WE-l 

1.41 

9.4 

11.2 

11.5 

metrecal 

B 

0 

8.0 

-9.0 

-7.5 

M-1 

0.93 

8.9 

1.5 

0.8 

N-2 

1.41 

9.4 

7.5 

5.0 

M-3 

2.37 

10.4 

11.9 

13.6 

1.  3-BUTAIfEPIOL 

B 

0 

8.0 

-9.0 

-9.0 

BD-2 

0.67 

8.7 

-0.5 

-0.6 

PELAROOHIC  ACID 

B 

0 

8.0 

-9.0 

-9.1 

PA-1 

0.46 

8.5 

4.1 

4.1 

*  Dctcmlnad  by  th«  Mthod  of  least  squares. 
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TABLE  9 


ENERGY  UTILIZATION  INDEX  AND  CALORIC  DENSITY  OF  TEST 

SUBSTANCES 


Test  Substance 

ENERGY 

UTIL.  INDEX* 

CALORIC  DENSITY  PER  GRAM 

Expt. 
No.  1 

Expt. 

No.  2 

Expt. 

No.  1 

Expt. 

No.  2 

Approx. 

Theoretical 

Lard 

17.5 

18.0 

9.0  (Std. 

)  9.0  (Std. 

.)  9.0 

Oleic  Acid 

14.6 

17.8 

7.5 

8.9 

7.8** 

Sucrose 

7.3 

8.3 

3.7 

4.2 

4.0 

Lactalbumin 

8.1 

10.9 

4.2 

5.5 

4.0 

Dried  Whole  Egg 

- 

14.0 

7.0 

5.9 

Metrecal 

- 

8.9 

4.5 

4.0 

1, 3-Butanediol 

- 

12.6 

6.3 

6.5*** 

Pelargonic  Acid**** 

• 

— 

7.5**** 

*  Slope  of  line  relating  grovrth  with  aupplementary  caloric  intake. 

**  Based  on  9  Cal./g.  x  B7%  utilization. 

***  Based  on  previous  estimates. 

****  obtained  too  high  to  be  realistic  and,  therefore,  not  reported. 


Experiinental  Procedure 


Tha  diats  and  procaduras  usad  wara  similar  to  thosa  used  in 
BjqparisMnt  T«ro.  There  wara  t%«o  groups  of  animals  with  close  aver¬ 
age  initial  weights  of  40  and  45  gm.  Both  the  40- and  4S-gm  groups 
of  rats  ware  further  sub-divided  and  received  diets  as  follows: 


Ave .  Initial 
Body  Wts. 


Amt.  Fed 

40  Qp. 

45  Go 

(gn) 

(gm) 

(gn) 

(gw) 

1. 

Basal 

B 

0 

8.0 

40.6 

45.4 

2. 

Lard  Std. 

ST-1 

0.24 

8.3 

40.6 

45.4 

3. 

Lard  Std. 

ST- 3 

0.67 

8.7 

40.6 

45.4 

4. 

Lard  Std. 

ST-5 

1.10 

9.1 

40.5 

45.3 

5. 

Sucrose 

SO-2 

0.93 

8.9 

40.5 

45.3 

6. 

Sucrose 

SU-5 

2.37 

10.4 

40.5 

45.3 

7. 

Oleic  Acid 

OA-3 

0.67 

8.7 

40.5 

45.3 

8. 

Oleic  Acid 

OA-5 

1.10 

9.1 

40.5 

45.3 

Results  and  Sustarv 

As  shown  in  Table  10,  the  results  clearly  show  the  superi¬ 
ority  of  4S-gm  animals,  with  the  heavier  animals,  there  %rare 
fewer  "off  points"  and  less  need  for  "corrections."  This  test 
should  be  repeated  using  animals  with  average  initial  %reights  of 
50  and  55  gms. 


Experiment  Four 

COMPARATIVE  UTILIZATION  AND  METABOLISM  OP 
OCTANOIC  ACID  (EVEN-CARBON,  Cg)  AND  NONANOIC  ACID 
(OOD-CARBOM,  C9)  IN  HIGH-PAT  DIETS 

Introduction  and  Purpose 

Previous  experiments  led  to  the  development  of  the  interesting 
postulate  that  it  nay  be  theoretically  possible  to  increase  the 
caloric  density  of  diets  by  substituting  odd-chain  fatty  acids  for 
carbohydrate  %fithout  producing  excessive  ketosis.  One  of  the  odd- 
carbon  fatty  acids,  which  has  shown  some  promise  as  a  limited 
carbohydrate  substitute,  is  pelargonic  acid  (nonanoic  acid) .  This 
coBg)Ound  is  of  intermediate  chain  length  (9  carbons)  and  has  a 
caloric  density,  according  to  the  M.I.T.  biological  assay,  of 
approxistately  7.0  to  7.5  Cal/gm  when  fed  at  low  to  intermediate 
dietary  levels. 

Investigations  with  pelargonic  acid  revealed  several  disad¬ 
vantages.  The  conpound  appeared  to  be  relatively  tmpalatable  and 
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There  were  five  animals  per  each  test  level 


was  best  utilized  if  used  at  dietary  levels  no  greater  than  10?&. 

The  more  desirable  higher  levels  of  usage  produced  a  nxunber  of 
adverse  effects.  Determining  the  reasons  for  the  adverse  effects, 
however,  was  difficult  because  of  limited  knowledge  concerning 
the  metabolism  of  odd-c€u:bon  fatty  acids  which  are  generally  not 
present  in  natural  fats. 

It  appe2u:ed,  therefore,  that  some  studies  should  be  ceurried 
out  on  the  metabolism  of  pelargonic  acid,  especially  when  incor¬ 
porated  in  high-fat  diets.  For  comparative  purposes,  octanoic 
acid,  an  8-carbon  compound,  was  selected  as  a  companion  fatty 
acid  for  this  test.  The  purpose  of  this  test  was  to  compare  the 
utilization  and  metabolism  of  odd— carbon  and  even-carbon  fatty 
acids  of  intermediate  chain  length. 

Experimental  Procedure 

Four  groups  of  20  rats  each,  a  total  of  80  animals,  were 
used  in  this  study.  The  animals  vrere  weanling  male  Sprague-Dawley 
derived  rats  obtained  from  the  Charles  River  Breeding  Laboratory, 
Wilmington,  Massachusetts.  They  were  housed  in  the  M.I.T.  Animal 
Laboratories  \mder  controlled  temperature,  htunidity  and  lighting 
conditions. 

Agar  gel  diets  were  used  in  these  tests  because  these  diets 
reduce  food  spillage  and  permit  accurate  measurement  of  food 
consumption.  Diet  composition  is  given  in  Table  11.  The  approxi¬ 
mate  caloric  content  of  the  diets  used  is  shown  in  Table  12. 

The  four  experimental  groups  vrere: 

1.  10%  Fat  Control 

2.  35%  Fat  Control 

3.  35%  Fat  +  20%  Octanoic  Acid 

4.  35%  Fat  -I-  20%  Nonanoic  Acid  (Pelargonic  Acid) 

The  percentages  of  fat  and  octanoic  2Uid  nonanoic  acid  indi¬ 
cated  above  are  on  a  dry  diet  basis.  High  levels  of  fat  (35%) 
were  incorporated  into  the  experimental  diets  in  order  to  attain 
maximum  caloric  density  and  to  accentuate  the  effects  of  the 
octeuioic  and  pelargonic  acids.  As  shown  in  Tables  11  and  12,  the 
fatty  acid-containing  diets  contained  55%  fatty  staterials,  composed 
of  35%  natural  fat  from  lard  and  corn  oil,  plus  20%  octemoic  or 
pelargonic  acid.  In  these  diets,  approximately  52%  of  the  total 
calories  were  derived  from  natural  fat  and  23%  from  the  fatty  acids. 
Thus,  in  groups  3  and  4,  approxisiately  75%  of  the  total  calories 
in  the  diets  were  obtained  from  fatty  sources. 

Food  intake  was  measured  daily,  and  the  a..lmals  %feighed  weekly 
during  the  experimental  period  of  21  days.  Upon  termination  of 
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TABLE  11 


COMPOSITION  OF  DIETS  USED  TO  DETERMINE  THE  COMPARATIVE  UTILIZATION 
AND  METABOLISM  OF  OCTANOIC  ACID  (EVEN-CARBON,  C3)  AND  NONANOIC  ACID 

(ODD-CARBON,  Cg)  IN  HIGH-FAT  DIETS* 


Inaredients 

1056  Fat 

3556  Fat 

35%  Fat  + 
20%  Octanoic 
Acid 

35%  Fat  + 

20%  Nonanoic 

Acid 

gm 

gm 

gm 

gm 

Casein 

220 

220 

220 

220 

Sucrose 

198 

115 

48 

48 

Dextrose 

395 

228 

95 

95 

Salt  Mixture  W 

40 

40 

40 

40 

Lard 

60 

200 

200 

200 

Agar 

35 

35 

35 

35 

Corn  Oil 

40 

150 

150 

150 

Vitamin  Mixture 

10 

10 

10 

10 

Choline  Chloride 

2 

2 

2 

2 

Octanoic  Acid 

- 

- 

200 

— 

Nonanoic  Acid 

- 

- 

- 

200 

Water 

1000 

1000 

1000 

t9.fi.9- 

Total 

2000 

2000 

2000 

2000 

*  Diets  contain 

1056  fat  or 

3556  fat  plus  20%  octanoic  or  nonanoic  acid 

on  a  dry  diet 

basis,  that  is  without  the  10056  addition  of  water  in 

the  diet. 
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the  experiment  at  3  weeks,  the  animals  were  fasted  overnight. 

Then  each  of  the  four  groups  of  animals  was  further  divided  into 
three  sub-groups.  At  0,  1,  and  3  hours  after  administration  of 
5  gm  of  diet  to  the  fasting  rats,  one  of  the  three  sub-groups  of 
each  test  groups  was  sacrificed. 

At  the  appropriate  time  after  feeding  of  all  5  gm  of  diet, 
animals  were  sacrificed  by  decapitation  and  the  blood  collected. 
After  clotting,  the  serxim  was  separated  and  quickly  frozen  until 
the  time  of  analysis.  Livers  from  each  animal  were  removed, 
weighed,  and  quickly  frozen  until  analyzed. 

The  metabolic  variables  measured  at  0,  1,  and  3  hours  after 
ingestion  of  5  gm  of  diet  %fere  serum  glucose,  liver  glycogen  and 
total  serum  ketone  bodies.  Serum  glucose  was  determined  by  the 
micro  glucose  oxidase  method  of  Cawley,  ejt  al^.  (ref.  11)  .  The 
procedure  employed  for  the  assay  of  liver  glycogen  was  reported 
by  Kemp  and  Van  Heoingen  (ref.  12)  .  Total  serum  ketone  bodies 
%rere  analyzed  by  a  modification  of  the  method  devised  by  Lyon  and 
Bloom  (ref.  13). 


Results 


Feeding  Study 

The  animal  feeding  results,  summarized  in  Table  13,  show 
that  diets  containing  either  octanoic  or  pelargonic  acid  did  not 
produce  the  normal  rate  of  growth  obtained  with  the  unsupple¬ 
mented  diets  containing  10%  and  35%  fat.  While  body  weight  gains 
in  the  un supplemented  10%  and  35%  fat-containing  diets  were 
fairly  equivalent,  weight  gains  markedly  decreased  when  the  diets 
contained  either  octanoic  or  pelargonic  acid.  The  least  growth 
was  obtained  %#hen  anisuils  were  fed  the  pelargonic  acid  diet.  This 
trend,  as  indicated  by  the  %feekly  body  weights  given  in  Table  14, 
appeared  during  the  first  week  on  test  and  was  maintained  through¬ 
out  the  course  of  the  experiment.  There  is  no  doubt  that  octanoic 
acid  and  pelargonic  acid  diets  failed  to  support  good  grovrth  in 
the  test  rats.  These  results  can  be  best  visualized  by  referring 
to  the  growth  curves  given  in  Figure  2. 

Pood  emsumption  was  highest  on  the  10%  fat  diet  and  progres¬ 
sively  decreased  with  the  addition  of  fat  (35%  fat  diet) ,  octanoic 
acid,  and  pelargonic  acid,  respectively.  In  this  experiment,  as 
in  previous  tests,  there  was  a  palatability  problem  with  the  pelar 
gonic  acid  diet.  It  appeared  that  octanoic  acid  was  also  not  well 
accepted  by  the  rat. 

AS  may  be  expected,  the  best  food  efficiency  was  obtained  in 
rats  consuming  the  35%  fat  diet.  Intermediate  food  efficiencies 
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were  obtained  in  emiinals  consuming  the  10%  fat  diet  and  the  octanoic 
acid  diet.  The  poorest  food  conversion  resulted  from  feeding 
pelargonic  acid.  In  fact,  the  food  efficiency  on  the  octanoic 
acid  was  significantly  greater  (p  ■  0.05)  than  that  obtained  with 
pelargonic  acid. 

Metabolic  Study 

As  mentioned  previously,  blood  glucose,  liver  glycogen,  2uid 
total  serum  ketone  bodies  were  determined  at  0-,  1-,  and  3-hour 
intervals  after  feeding  5  gm  of  diet  to  fasting  ^mimals.  A  stimmary 
of  the  glucose,  glycogen,  and  ketone  body  data  is  presented  in 
Table  15. 

Figure  3  shows  the  changes  in  blood  glucose  values  over  the 
3-hour  experimental  period.  Animals  fed  the  unsupplemented  10% 
fat  and  35%  fat  diets  had  normal  values  of  approximately  100  mg  % 
at  zero  time,  while  glucose  levels  of  animals  fed  the  fatty  acid- 
containing  diets  were  approximately  65  mg  %.  Nevertheless,  the 
blood  glucose  values  in  all  groups  approximately  doubled  during 
the  first  hour  and  remained  at  those  values  during  the  next  2 
hours.  Animals  on  the  tvfo  unsupplemented  diets  attained  blood 
glucose  levels  of  approximately  190  mg  %,  while  those  on  the  acid- 
containing  diets  had  glucose  values  of  approximately  120  mg  %. 

These  increases  in  blood  glucose  appeeir  to  correlate  %m11  with 
the  amount  of  carbohydrate  in  the  diets. 

Liver  glycogen  values  did  not  continue  to  follow  the  pattern 
found  in  the  blood  glucose  results.  When  percentage  increases  in 
liver  glycogen  were  considered,  the  responses  of  the  10%  fat  and 
the  pelargonic  acid-fed  groups  were  quite  similar.  On  the  other 
hand,  the  animals  fed  diets  containing  35%  fat  or  oct2moic  acid 
responded  in  a  simileu:  manner.  These  simileurities  in  direction 
but  not  in  degree  are  readily  seen  by  ex2unination  of  Figure  4. 

This  figure  shows  that  both  the  animals  fed  10%  fat  diets  emd 
those  fed  pelargonic  acid  continued  to  store  liver  glycogen  during 
the  whole  3-hour  observation  period.  On  the  other  h2md,  in  the 
35%  fat  and  the  octimoic  acid  groups,  liver  glycogen  reached  a 
peak  in  1  hour  2md  declined  at  3  hours. 

It  is  interesting  to  note  that  the  livers  from  the  animals 
fed  peleurgonic  acid  contained  the  least  amoxint  of  glycogen. 

Another  interesting  point  is  the  sizable  increase  in  liver  glyco¬ 
gen  obtained  in  1  hour  in  the  rats  fed  octanoic  acid.  Neverthe¬ 
less,  the  data  indicate  that  the  unsupplemented  10%  fat  and  35% 
fat  diets  were  the  most  glycogenic  when  the  storage  of  glycogen 
is  considered  on  an  absolute  basis. 

Figure  5  illustrates  the  changes  in  total  serum  ketone  bodies 
at  0,  1,  and  3  hours  after  the  fasted  rats  had  consumed  5  gm  of 
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CHANGE  IN  BLOOD  GLUCOSE  AND  LIVER  GLYCOGEN  OF  FASTED  ANIMALS 
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CHANCE  IN  I IVER  CLYCXEN  OF  FAF.TED  BATS  FED  5 
GRAMS  OF  THEIR  RESPECTIVE  EXPmiMENTAL  RATIONS 

36 

I 


<  • 


0 


2 


3 


Timt  (hours) 

Figure  5* 

CHANGE  WITH  TIKE  OP  SERUM  KETONE  BODIES  OP  PASTED 
BATS  FED  5  CRAMS  OF  THEIR  RESPECTIVE  EXPERIMENTAL 
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diet.  As  anticipated,  the  10%  £at  diet  was  least  ketogenic 
followed  by  the  35%  fat  diet.  Pelargonic  acid  was  next  in  order 
of  decreasing  ketogenicity .  Thus,  octanoic  acid  proved  to  be 
most  ketogenic  and  was  the  only  treatment  which  showed  an  increase 
in  ketosis  over  the  zero  time  value  in  3  hours. 

The  results  of  this  metabolic  study  indicate  that  octanoic 
acid,  an  even-^arbon  fatty  acid,  and  pelargonic  acid,  an  odd- 
carbon  fatty  acid,  aure  metabolized  differently.  This  result  was 
not  unexpected  since  beta-oxidation  of  octanoic  acid  would  pro¬ 
duce  four  2-carbon  fragments  while  that  of  pelargonic  acid  should 
produce  three  2-carbon  fragments  and  one  3-carbon  fragment.  Then, 
if  3-carbon  fragments  entered  carbohydrate  metabolic  pathways, 
pelargonic  acid  would  be  partly  glucogenic.  Ho%ifever,  this  theo¬ 
retical  possibility  had  not  been  investigated  previously  with 
high-fat  rations. 

The  continuous  increase  in  liver  glycogen  and  decrease  in 
total  serum  ketone  bodies  noted  over  the  3-hour  observation  period 
appear  to  confirm  the  fact  that  pelargonic  acid  may  be  glucogenic. 
Nevertheless,  the  failure  of  sufficient  levels  of  pelargonic  acid 
to  be  adequately  consvuned  wd  to  support  normal  growth  in  rats 
remain  as  problems  to  be  solved  before  this  compound  can  be  con¬ 
sidered  a  suitable  source  of  dietary  energy.  This  study  does 
indicate,  therefore,  that  some  odd-carbon  fatty  acid  may  very  well 
prove  to  be  a  satisfactory  carbohydrate  substitute. 

SuHinarv 

Pelargonic  acid  (odd-carbon,  C9)  and  octanoic  acid  (even- 
carbon,  C3)  were  added  at  20%  levels  to  high-fat  diets  containing 
35%  corn  oil  and  lard.  The  diets  wze  fed  ad  libitum  to  weanling 
rats  for  a  period  of  3  weeks.  Neither  diet  produced  satisfactory 
weight  gains  or  food  efficiencies  as  compared  to  an  unsupplemented 
35%  fat  diet. 

At  the  termination  of  the  3-week  feeding  period,  all  rats 
were  fasted  overnight  and  then  fed  5  gm  of  their  respective  diets. 
Groups  of  rats  were  sacrificed  at  0,  1,  and  3  hours  after  the 
feeding  and  analyses  made  for  blood  glucose,  liver  glycogen  and 
total  serum  ketone  bodies.  It  was  found  that  both  pelargonic  acid 
and  octanoic  acid  diets  increased  blood  glucose  but  not  to  the 
same  extent  as  the  unsupplemented  diets.  Octanoic  acid  produced 
greater  replenishment  of  liver  glycogen  stores  than  pelargonic 
acid.  Nevertheless,  the  fact  that  liver  glycogen  continued  to 
rise  throughout  the  whole  3— hour  observation  period  in  the  animals 
fed  pelargonic  acid  indicated  that  the  compound  may,  to  some  extent, 
be  glycogenic.  Further  evidence  for  this  was  obtained  by  results 
showing  that  pelargonic  acid  was  less  ketogenic  than  octanoic  acid. 
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The  results  obtained  appear  to  support  the  contention  that 
odd-can:bon  fatty  acids,  vihen  fed  as  a  part  of  an  ade<]uate  high- 
fat  ration,  may  be  partly  glucogenic  and  that  suitable  odd-carbon 
compounds  may  prove  to  be  capable  of  replacing  a  large  portion 
of  the  dietaury  caurbohydrate . 

Experiment  Five 

EFFECT  OF  PAIRED  FEEDING  (EQUALIZED  FOOD  INTAKE)  OF 
GRADED  LEVELS  OF  1 , 3-BUTANEDIOL  AND  NONANOIC  ACID 
AS  CARBCXIYDRATE  REPLACEMENTS  IN  HIGH-FAT  DIETS 

Introduction  and  Purpose 

In  Experiment  7  (WADD  Technical  Report  60-575)  amd  Experiment 
Four  (this  report),  two  potential  high-energy  materials,  1,3- 
butanediol  and  nonanoic  acid  (pelargonic  acid)  were  fed  at  graded 
levels  as  carbohydrate  replacements  in  "high-fat"  diets.  The  diets 
were  designated  as  "high-fat"  diets  because  they  contained  25%  or 
35%  fat  (dry  basis) ,  while  the  rat  is  normally  fed  diets  containing 
only  10%  fat.  The  butamediol  auid  nonanoic  acid  supplements  were 
always  added  at  the  expense  of  the  lo%#er-energy  carbohydrate  rather 
than  the  fat  in  order  to  attain  maximum  caloric  density. 

The  results  of  the  previous  feeding  tests  indicated  that 
either  1, 3-butanediol  or  pelargonic  acid  could  be  fed  only  at  low 
dietary  levels.  High  levels,  such  as  20%,  appeared  to  have  a 
detrimental  effect  on  growth,  or  food  utilization,  or  both.  Never¬ 
theless,  even  with  a  10%  level  of  supplementation,  fat  plus  supple¬ 
ment  can  make  up  almost  60%  of  the  total  calories  in  the  diet. 

From  the  information  obtained  in  these  earlier  experiments  it 
was  not  known  why  levels  higher  than  10%  of  1, 3-butanediol  or 
pel^lrgonic  acid  wore  not  well  accepted  metabolically .  Of  several 
possible  explanations,  one  was  that  the  reductions  in  food  intake 
observed  with  higher  levels  of  the  test  substances  may  have  resulted 
in  the  consumption  of  insufficient  quantities  of  protein  and/or 
other  nutrients.  In  this  instance,  the  reductions  in  food  intake 
may  be  pjurtly  related  to  increases  in  diet  caloric  density.  On 
the  other  hand,  the  food  consumption  problem  encountered  may  have 
been  caused  by  lack  of  palatability,  poor  absorption,  or  toxicity. 

In  order  to  help  resolve  questions  of  diet  acceptance  and 
utilization  and  to  eliminate  differences  due  to  the  consumption 
of  unequal  amounts  of  food,  a  paired  feeding  test  was  initiated. 

The  purpose  of  the  experiment  was  to  determine  the  effect  of  feed¬ 
ing  graded  levels  of  1 , 3-butanediol  and  pelargonic  acid  under 
conditions  of  equalized  nutrient  intake. 
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Experimental  Procedure 


Six  group*  of  10  rat*  each,  a  total  of  60  animal*,  were  u*ed 
in  thi*  *tudy.  The  animal*  vere  male  Sprague-Dawley  atrain  wean¬ 
ling*  obtained  from  the  Charle*  River  Breeding  Laboratory,  Wilming¬ 
ton,  Ma**achu*ett*.  They  %rere  maintained  in  the  M.l.T.  Animal 
Laboratorie*  under  controlled  environmental  condition*.  Diet  com- 
poeition  i*  given  in  Table  16.  The  experimental  group*  vere  a* 
follows: 


1.  10%  Fat  Control 

2.  25%  Fat  Control 

3.  25%  Fat  +  10%  Pelargonic  Acid 

4.  25%  Fat  +  30%  Pelargonic  Acid 

5.  25%  Pat  +  5%  1 , 3-Butanediol 

6.  25%  Pat  +  20%  1, 3-Butanediol 


Since  thi*  wa*  a  paired-feeding  experiment,  feeding  wa*  con¬ 
trolled  in  order  to  equalize  food  intake.  Animal*  were  weighed 
%reckly,  at  which  time  urinary  ketone  body  mea*urement*  were  made. 
The  experimental  period  «:a*  four  %reek*  and  three  day*. 

Re*ult* 


The  experimental  reault*  of  thi*  te*t  are  aummarized  in 
Table  17. 

A*  indicated  in  Table  17 ,  average  food  conaumption  wa* 
eaaentially  the  *ame  with  all  diet*.  On  the  other  hand,  a*  was 
expected,  caloric  intake  of  the  animal*  increased  as  the  level 
was  raised  from  10%  (control  diet)  to  25%  (experimental 
diet)  and  a*  the  level  of  supplement  increased  (10%  to  30%  P.A. 
and  5%  to  20%  B.D.).  Body  «reight  gain*  were  better  with  all  of 
the  25%  high  fat  experimental  diet*  than  with  the  10%  fat  control 

•  Moreover ,  the  high  fat  diet*  containing  supplement*  of 
either  pelargonic  acid  or  1 . 3-butancdiol  supported  better  growth 
than  the  unsupplemented  25%  fat  diet. 

It  i*  also  important  to  note  that  animal*  fed  diet*  contain¬ 
ing  either  pelargonic  acid  or  1 , 3-butanediol  had  food  efficiencies 
which  were  superior  to  those  obtained  with  the  un supplemented  10% 
or  25%  fat  diet*.  Thi*  same  trend  wa*  also  generally  evident  %d.th 
average  caloric  efficiency.  The  caloric  efficiency  of  euiimal* 
fed  pelargonic  acid  or  1, 3-butanediol  wa*  generally  similar  or 
^**^^*^  than  that  of  animal*  %diich  did  not  receive  these  supplement*. 

The  data  Indicate  that  under  condition*  of  equal  food  and 
nutrient  intake,  dietary  supplement*  of  10%  and  30%  pelargonic 
acid  and  5%  and  20%  1 , 3-butanediol  gave  body  %#eight  gain*  and  food 
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COMPOSITION  OF  DIETS  USED  TO  STUDY  EFFECT  OF  PAIRED  FEEDING  OF  GRADED  LEVELS  OF 
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and  caloric  efficiencies  equal  to,  and  generally  better  than, 
unsupplemented  controls.  Thus,  it  appears  that  there  are  at  least 
two  possible  explanations  for  the  apparently  poor  results  obtained 
with  high  levels  of  these  supplements  in  previous  experiments. 
These  eure:  (1)  the  possible  reduction  of  food  intake  caused  by 
increased  caloric  density  of  the  diets,  and  (2)  the  significant 
part  played  by  feeding  unpalat2d3le  materials  which  are  not  well 
accepted  by  the  rat. 

Solution  of  a  palatability  problem  may  lie  in  such  techniques 
as  force  feeding,  encapsulation,  or  flavor  masking.  In  an  eeurlier 
experiment  (No.  7,  WADD  Technical  Report  60-57S} ,  the  use  of 
vanillin  as  a  flavor-siasker  for  these  compounds  was  not  very 
successful. 

No  ketonuria  was  observed  in  any  of  the  groups  of  amimals. 

Sumnarv 

When  food  Intake  vras  equalized,  diets  containing  graded 
levels  of  10%  and  30%  pelargonic  acid  and  5%  and  20%  1,3-butanc- 
diol  gave  as  good  growth  and  food  and  caloric  efficiency  as  an 
unsupplemented  control  diet.  This  indicates  that  poor  palata¬ 
bility  ms  one  major  factor  in  influencing  the  results  obtained 
in  previous  tests. 


Experiment  Six 

EQUAL  CALORIC  FEEDING  BY  INTUBATION  OF  LIQUID  DIETS  CONTAINING 
CORN  OIL  ALONE  AND  WITH  1, 3-BDTANEDIOL  AND  NONANOIC  ACID 

Introduction 

Previously,  it  has  been  difficult  to  conduct  a  satisfactory 
equal  caloric,  comparative  feeding  of  com  oil,  1,3-butanediol 
and  nonanolc  acid  (pelargonic  acid)  because  of  the  low  palatability 
of  the  latter  two  coiiq}ounds.  Under  conditions  of  ad  libitum  feed¬ 
ing,  in  many  instances,  rats  have  not  consumed  sufficient  amounts 
of  diets  containing  either  1,3-butanediol  or  pelargonic  acid  to 
maintain  or  Increase  their  body  weight.  However,  with  the  develop- 
eent  of  liquid  diets  which  can  be  intubated,  the  food  acceptance, 
or  palatability,  problem  could  be  circumvented. 

The  general  objective  of  this  experiment  was  to  determine 
whether  1,3-butanediol  and  pelargonic  acid  could  effectively 
replace  lower-energy  carbohydrates  in  high  fat  diets.  The  experi¬ 
mental  rations  used  in  these  tests  %rere  designed  to  be  isocaloric, 
in  order  that  all  anisials  could  be  intubated  with  the  same  total 
astount  of  diet.  Under  these  conditions,  increases  in  body  mights 
of  all  of  the  experimental  groups  should  be  equal  if  the  following 
assumptions  are  correct! 
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1.  The  estimated  caloric  densities  of  both  1, 3-butanediol 
and  pelargonic  acid  are  correct. 

2.  The  test  compounds  are  nontoxic. 

3.  The  potential  energy  of  each  of  the  test  compounds  is 
biologically  available. 

Experimental  Procedure 

A  total  of  60  animals,  divided  into  6  equally  weighted  groups 
of  10  animals  each,  %ras  used  in  the  study.  The  animals  %«ere 
Sprague-Dawley  male  rats  (Charles  River  Breeding  Laboratory)  which 
weighed  approximately  87  gm  each.  They  %«ere  housed  in  individual 
cages  in  temperature-  and  hximidity-controlled  animal  quarters. 
Experimental  groups  %rere  as  follows:* 

1.  30%  Fat  (corn  oil) 

2 .  30%  Fat  20%  1 , 3-Butanediol 

3.  30%  Fat  +  20%  1 , 3-Butanediol  (protein  adjusted)** 

4.  30%  Fat  +  20%  Pelargonic  Acid 

5.  30%  Fat  +  20%  Pelargonic  Acid  (protein  adjusted)** 

6.  Purina  Chow  (dry)  -t-  Intubated  Water  (control) 

Groups  1  to  5  were  uniformly  intubated,  1  to  3  times  daily, 
with  the  same  voliune  of  their  respective  isocaloric  diets.  The 
control  group  (Group  6)  %ras  fed  dry  Purina  Chow  ^  libitum,  but 
was  intubated  with  the  same  volume  of  %rater  as  the  other  groups 
received  of  liquid  diet. 

The  composition  of  the  diets  which,  as  far  as  could  be  deter¬ 
mined.  were  nutritionally  adequate  for  the  growing  rat,  is  recorded 
in  Table  18. 

The  diets  were  prepared  as  follows.  The  lactalbumin,  sugars, 
celluflour,  minerals  and  vitamins  %rere  incorporated  into  a  dry 
mix.  A  two-day  supply  of  the  liquid  diets  was  prepared  by  the 
addition  of  liquids  in  the  form  of  water,  corn  oil,  1 , 3-butanediol, 
or  pelargonic  acid.  The  dry  and  liquid  ingredients  were  then 
mixed  in  a  Waring  Blendor.  Following  preparation,  the  diets  were 
stored  at  refrigerator  temperature. 

The  diets  were  fed  with  the  use  of  a  syringe  end  a  ball- 
•  pointed  stainless  steel  intubation  tube. 

*A11  percentages  are  given  on  a  dry  weight  basis. 

**The  amount  of  protein  in  these  rations  is  equivalent  to  that 
of  controls  to  obviate  possible  differences  in  growth  due  to  the 
differences  in  the  quantity  of  protein. 
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,  3-Butanediol;  P.A.  -  Pelargonic  Acic3;  H.P.  -  Slightly  higher  protein  level,  approximately 

equal  to  protein  content  of  3096  fat  diet 
(Group  1)  . 


Results 


The  results,  which  are  summarized  in  Table  19,  indicate  that 
following  an  adaptation  period  of  one  week,  caloric  utilization 
of  1,3-butanediol  and  pelargonic  acid  approached  but  did  not  equal 
the  "calculated"  or  "expected"  utilization  of  6.5  and  7.5  Cal/gm, 
respectively.  Nevertheless, ^as  shown  in  Table  19,  there  were 
weekly  periods  when  body  weight  gains  of  rats  fed  1, 3-butanediol 
or  pelargonic  acid  equaled  or  exceeded  the  weight  gains  made  on 
the  30%  fat  diet.  However,  it  must  be  concluded  that  the  30%  fat 
diet  produced  the  most  consistent  results,  follov«d  closely  by 
the  1 , 3-butanediol  and  pelargonic  acid  diets,  respectively. 

It  may  be  possible  that  the  caloric  values  of  6.5  Cal/gm  for 
1 , 3-but2Uiediol  and  7.5  Cal/gm  for  pelargonic  acid  are  a  little 
higher  than  the  actual  biological  caloric  densities.  On  the  other 
hand,  it  is  possible  that  these  compounds  are  not  as  %#ell  utilized 
as  corn  oil.  In  this  respect,  it  may  be  noted  from  the  survival 
data  given  in  Table  20  that  the  survival  of  th*?  rats  fed  1,3- 
butanediol  was  good.  In  contrast,  the  greatest  mortality  %ras 
observed  in  the  animals  fed  pel^urgonic  acid.  Upon  gross  examina¬ 
tion,  however,  no  obvious  abnormalities  were  noted  in  any  of  the 
internal  organs. 

The  extent  of  uriiiary  ketosis  «ras  found  to  be  related  to  the 
time  interval  after  feeding  at  which  the  samples  vrere  taken. 
Previously,  urinary  ketone  bodies  were  estimated  following  the 
morning  feeding^  The  results  (Table  21)  indicated  that  moderate 
ketosis  may  be  present  in  animals  fed  the  lower -protein  1,3- 
butanediol  and  pelargonic  acid  diets.  At  the  conclusion  of  the 
experiment,  it  %ras  decided  to  take  serial  urine  samples  for  ketosis 
scores.  As  illustrated  in  Table  21,  a  peak  urinary  excretion  of 
ketone  bodies  was  observed  at  approxisiately  4  hours  in  animals 
fed  1 , 3-butanediol  and  possibly  in  the  animals  fed  fat  alone.  It 
is  possible  that  this  peak  ketonuria  is  related  to  the  period  of 
maximum  absorption  and  metedwlism  of  both  compounds.  If  this  is 
correct,  then  these  data  would  tend  to  indicate  that  absorption 
of  1, 3-butanediol  is  relatively  slow.  It  must  be  resiembered,  how¬ 
ever,  that  these  data  represent  only  an  estisiate  of  the  extent  of 
ketonuria,  since  msthods  for  reliable  and  precise  determinations 
of  ketone  bodies  in  blood  and  urine  were  not  available.  Neverthe¬ 
less,  the  data  reported  here  indicated  that  some  consideration 
must  be  given*  to  the  interval  of  time  following  feeding  when  keto- 
genic  diets  and  materials  are  evaluated. 

Sumroarv 

An  eight^«#eek  Intubation  experisient  using  equal  volumes  of 
isocaloric  diets  indicates  that  1, 3-butanediol  and  pelargonic  acid 
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TABLE  19 


AVERAGE  BODY  WEIGHT  GAINS  OF  RATS  INTUBATED  WITH  AN  EQUAL 
VOLUME  OF  ISOCALORIC  LIQUID  DIETS  CONTAINING  CORN  OIL  ALONE 
AND  WITH  1 , 3-BUTANEDIOL  AND  PELARGONIC  ACID 


AVERAGE  WEIGHT  GAINS  FROM  START  TO  FINISH  OF  EXPT.  ( GRAMS > 


1  Wk. 

2  Wk, 

.  3  Wk. 

4  Wk. 

5  Wk. 

6  Wk. 

7  Wk. 

8  Wk. 

30%  Fat 
30%  Fat  + 
30%  Fat  + 

20%  B.D. 
20%  B.D. 

15.7 

8.5 

38.0 

30.5 

54.8 

45.2 

72.6 

59.3 

96.0 

81.6 

97.3 

78.1 

106.4 

92.5 

127.8 

111.3 

30%  Fat  + 
30%  Fat  + 

(H.P.) 
20%  P.A. 
20%  P.A. 

8.5 

2.0 

32.9 

26.0 

49.3  ■ 

42.1 

-65.5 

53.6 

83.2 

76.1 

78.5 

73.3 

94.5 

83.3 

114.1 

103.1 

(H.P.) 

Purina  +  Water 

9.3 

26.6 

30.5 

52.3 

43.9 

81.4 

69.6 

106.1 

74.4 

129.8 

73.0 

162.9 

82.3 

185.3 

95.5 

204.4 

AVERAGE  WEIGHT 

GAINS 

-  ELIMINATING  FIRST  Wf: 

BK  (GRAM 

ISt 

1-4  Wk. 

1-5  Wk 

Wk. 

1-7  Wk. 

l_-8  Wk. 

112.1 

102.8 

105.6 

101.1 

86.2 

181.8 

30%  Fat 
30%  Fat  + 
30%  Fat  + 
30%  Fat  + 
30%  Fat  + 

20%  B.D. 
20%  B.D. 
20%  P.A. 
20%  P.A. 

(H.P.) 

(H.P.) 

56.9 

50.8 

57.0 

51.6 

50.3 

eo.3 

73.1 
74.7 

74.1 

65.1 

81 

69 

70 

71 
63 

.6 

.6 

.0 

.3 

.7 

90.7 

84.0 

86.0 

81.3 

73.0 

Purina  +  Water 

83.5 

107.2 

140 

.3  . 

162.7 

AVERAGE  WEEKLY  WEIGHT 

GAINS  (GRAMS) 

•  1  Wk. 

30X  Fat  15,7 
30X  Fat  +  20X  B.D.  8.5 
30X  Fat+20X  B.D. (H.P.)8.5 
30X  Fat  +  20%  P.A.  2.0 
30%  Fat  +  20%  P.A.(HJ»J9,3 
Purina  +  Water  26.6 


2  Wk. 

3  Wk. 

4  Wk. 

5  Wk. 

6  Wk. 

7  Wk 

22.3 

16.8 

17.8 

23.4 

1.3 

9.1 

22.0 

14.7 

14.1 

22.3 

-3.5 

14.4 

24.4 

16.4 

16.2 

17.7 

-4.7 

16.0 

24.0 

16.1 

11.5 

22.5 

-2.8 

10.0 

21.2 

13.4 

15.7 

14.8 

-1.4 

9.3 

29.7 

29.1 

24.7 

23.7 

33.1 

22.4 

8  Wk. 

21.4 

16.8 

19.6 

19.8 

13.2 

19.1 
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TABLE  21 


URINARY  KETOSIS  SCORES  OF  RATS  INTUBATED  WITH  LIQUID  DIETS 
CONTAINING  CORN  OIL  ALONE  AND  CORN  OIL  PLUS  1 , 3-BUTANEDIOL 

AND  PELARGONIC  ACID* 


AVERAGE  RANGE  OF 
SCORES  OBTAINED 

1  to  7  WEEKS** 

8  WEEKS 

HOURS  AFTER  FEEDING 

0***  2i 

6i 

3056  Fat 

0-1 

3 

0 

1 

1 

30%  Fat  + 

20% 

B.D.  1-2 

2 

4 

4 

3.5 

30%  Fat  + 

20% 

B.D.  (H.P.)  0-1 

1 

4 

4 

4 

30%  Fat  + 

20% 

P.A.  1-2 

1 

- 

1 

30%  Fat  + 

20% 

P.A.  (H.P.)  0-1 

1 

- 

1 

- 

Purina  +  Water  0-1 

0 

- 

0 

- 

*  Urinary  ketosis  determined  qualitatively  using  Ketostix. 
**  Usually  determined  after  morning  feeding. 

***  Animals  fasted  18  hours. 

0  -  No  ketosis. 

1  -  Slight  ketosis. 

2  -  Moderate  ketosis 

3  -  Acute  ketosis. 

4  -  Very  severe  ketosis. 
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approach  but  do  not  supply  6.5  and  7.5  Cal/gm,  respectively. 
Utilization  of  both  compounds  for  energy  was  demonstrated  but 
complete  utilization  may  have  been  affected  by  other  factors  such 
as  rate  of  absorption.  This  was  particularly  true  of  pelargonic 
acid. 


Urinary  ketosis  was  found  to  be  dependent  upon  the  time 
after  feeding  during  which  urine  samples  mre  collected.  This 
phenomenon  may  be  related  to  the  period  of  peak  absorption  and 
metabolism  of  fatty  substances  in  the  diet. 

The  data  obtained  fully  support  the  original  assumption  that 
certain  compounds,  such  as  1 , 3-buteuiediol  and  others,  may  exist 
and  have  promise  as  carbohydrate  replacements  in  high-energy  diets. 

Experiment  Seven 

PROTEIN,  FAT,  AND  1,3-BUTANEDIOL  INTERRELATIONSHIPS 
IN  HI<3i-ENERGY  DIETS 

Introduction 

The  results  of  previous  experiments,  particularly  Experiment 
Six,  indicated  that  high  protein  levels  may  have  enhanced  the 
utiliza*tion  of  fat  or  1 , 3-butanediol .  This  ie  not  a  new  concept. 

The  importance  of  ample  amounts  of  protein  or  amino  acids  for 
maximum  energy  utilization  has  often  been  discussed  in  the  litera¬ 
ture.  For  example,  arctic  inhabitants  and  explorers  have  been 
known  to  subsist  on  high-caloric  diets  principally  composed  of 
protein  and  fat.  Since  simi..ar  high-energy  diets  consisting  o*f 
protein,  fat  and/or  high-energy  compounds  may  find  application  in 
space  travel,  it  became  desirable  to  examine  more  fully  the  possible 
interrelationships  between  protein,  fat  and  1, 3-butanediol .  In 
addition,  the  effects  of  a  dietary  supplement  of  emulsifiers  and 
snti-ketogenic  materials  were  also  investigated. 

The  objectives  of  this  long-term  study  were  as  follows: 

1.  To  determine  the  interactions  and  effects  of  adequate 
and  high-dietary  levels  of  protein  on  the  utilization  by  the  rat 
of  diets  containing  various  levels  of  fat  and  1 , 3-butanediol . 

2.  To  determine  the  effect  of  soy  lecithin  (emulsifier), 

and  calcium  lactate  and  sodium  propionate  Janti-ketogenic  materials) 
as  supplements  in  high-energy  diets. 

Experimental  Procedure 

Fifteen  equally-weighted  groups  of  10  animals  each,  a  total 
of  150  rats,  were  used  in  the  study.  The  animals  were  Caesarean- 
dsrived  "specific  pathogen  free”  male  rats  (Charles  River  Breeding 
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Laboratories,  Wilmington,  Massachusetts)  which  weighed  approxi¬ 
mately  145  gm  each.  More  mature  animals  v;ere  used  in  this  study 
than  in  many  previous  studies  in  order  to  avoid  the  odor  and 
palatability  problems  associated  with  the  use  of  younger  euiimals. 
All  animals  were  housed  in  individual  wire— bottom  cages  in  a 
temperature-  and  humidity-controlled  animal  room.  Experimental 
groups  were  as  £o11o%m: 

1 .  10%  Pat  +  20%  Casein 

2.  10%  Pat  +  40%  Casein 

3.  30%  Pat  +  20%  Casein 

4.  30%  Pat  +  40%  Casein 

5.  30%  Pat  +  20%  Casein  +  20%  1,3— Butanediol 

6.  30%  Pat  +  40%  Casein  +  20%  1, 3-But2mediol 

7.  30%  Pat  +  40%  Casein  +  20%  1, 3-Butanediol  +0.5%  Lecithin 

8.  30%  Pat  +  20%  Casein  +  30%  1, 3 -Butanediol 

9.  30%  Pat  +  33%  Casein  +  30%  1 , 3-But2mediol 

10.  50%  Pat  +  20%  Casein 

11 .  50%  Pat  +  40%  Casein 

12.  60%  Pat  +  20%  Casein 

13.  60%  Pat  +  20%  Casein  +  0.5%  Lecithin 

14.  60%  Pat  +  20%  Casein  +  2.5%  Calcium  Lactate  +  2.5% 

Sodixm  Propionate 

15.  60%  Pat  +  33%  Casein 

The  experimental  variables  in  this  study  may  be  described  as 
follows  (all  values  are  on  a  dry-diet  basis) t 


Protein 


Pat 

1 , 3 -Butanediol 
Calories 
Cal/gm  Protein 
Per  cent  of  Calories 
Protein 
Pat 

1 , 3-Butemediol 
Carbohydrate 


20%,  33%  and  40%  casein,  giving 
protein  levels  of  18%,  28%,  and 
36%,  respectively 

10  to  60% 

20  to  30% 

4.0  to  6.7  Cal/gm 
36.8  to  11.1 

11  to  36% 

22  to  83% 

22  to  36% 

1  to  61% 


The  composition  and  chauracteristics  of  the  diets  are  given 
in  Tables  22  and  23.  Since,  in  many  respe.cs,  the  composition  of 
these  rations  was  unusual  (up  to  60%  fat  and  30%  butanediol),  an 
extensive  study  was  required  to  develop  preparatory  techniques  and 
formulations  having  the  proper  characteristics;  i.e.,  a  firm  gel- 
structure  which  could  bind  all  components  of  the  ration.  The 
result  was  an  agaur-gel  diet,  containing  corn  oil  and  lard  in  a  1:3 
ratio,  which  could  bind  large  amounts  of  fat  and  butanediol  in  a 
semisolid  gel.  These  diets  euid  distilled  water  were  fed  ad  libitum. 
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COMPOSITION  OF  DIETS  USE 


1 

10%  Fat 

20%  Casein 

2 

10%  Fat 
40%  Casein 

3 

30%  Fat 

20%  Casein 

4 

30%  Fat 
40%  Casein 

5 

30%  Fat 
20%  Casein 
20%  B.D. 

6 

30%  Fat 
40%  Casein 
20%  B.D. 

7 

30%  Fat 
40%  Caseii 
20%  B.D. 
0.5%  Leci 

gm 

gm 

gm 

cpn 

gm 

gm 

gm 

Casein 

200 

400 

.  200 

400 

200 

400 

400 

Sucrose 

304 

204 

204 

104 

104 

4 

1 

Dextrose 

152 

102 

102 

52 

52 

2 

1 

Dextrin 

152 

102 

102 

52 

52 

2 

1 

Corn  Oil 

25 

25 

75 

75 

75 

75 

75 

Lard 

75 

75 

225 

225 

225 

225 

225 

1, 3«Butanediol 

200 

200 

200 

Lecithin 

.  Soy 

5 

Calcium 

Lactate 

Sodium  Propionate 

Salt  Nix 

W  40 

40 

40 

40 

40 

40 

40 

Vitamin  l 

MlxturelO 

10 

10 

10 

10 

10 

10 

Choline  ' 

Chloride  2 

2 

2 

2 

2 

2 

2 

Agar 

40 

40 

40 

40 

40 

40 

40 

Sub-Total 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

750 

750 

750 

750 

750 

750 

Grand  Total 

1750 

1750 

1750 

1750 

1750 

1750 

1750 

B.D.  -  1, 3-Butanedlol. 

Lacithln  -  Refined  Soy  lecithin. 

Sodium  Propionate  -  Approx.  77.1%  propionic  acid. 
Calcium  Lactate  -  Approx.  58.4%  lactic  acid. 
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TABLE  22 


TOSITI(»I  OF  DIETS  USED  TO  STUDY  PROTEIN.  FAT  AND  1 . 3-BUTANEDIOL 


INTERRELATIONSHI PS 

6 

30%  Fat 

10%  Casein 
20%  B.D. 

7 

30%  Fat 
40%  Casein 
20%  B.D. 
0.5%  Lecit 

8 

30%  Fat 
20%  Casein 
30%  B.D. 

hin 

9 

30%  Fat 

33%  Casein 
30%  B.D. 

10 

50%  Fat 

20%  Casein 

11 

50%  Fat 

40%  Casein 

12 

60%  Fat 

20%  Casein 

13 

60%  Fat 

20%  Casein 

0.5%  Lecithin 

14  1 

60%  Fal 
20%  Cas4 
2.5%  La< 

gin 

grn 

grn 

gin 

grn 

gin 

gin 

gn 

gm 

400 

400 

200 

308 

200 

400 

200 

200 

200  • 

4 

1 

54 

- 

104 

4 

54 

51 

29 

2 

1 

27 

- 

52 

2 

27 

26 

15 

2 

1 

27 

- 

52 

2 

27 

26 

14 

75 

75 

75 

75 

125 

125 

150 

150 

150 

225 

225 

225 

225 

375 

375 

450 

450 

450 

200 

200 

300 

300 

5 

5 

25 

25 

40 

40 

40 

40 

40 

40 

40 

40 

40 

10 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

2 

2 

2 

2 

2 

2 

2 

40 

40 

40 

40 

40 

40 

40 

40 

40 

h 


1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

750 

750 

750 

750 

750 

750 

750 

750 

750 

1750 

1 -  -  — 

1750 

1750 

1750 

1750 

1750 

1750 

1750 

1750 
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TABLE  22 

STUDY  PROTEIN,  FAT  AND  1 , 3-BUTANEDIOL 
TERRELATIONSHI PS 


_ 

8 

9 

10 

11 

12 

13 

14 

15 

10%  Fat 

30%  Fat 

50%  Fat 

50%  Fat 

60%  Fat 

60%  Fat 

60%  Fat 

60%  Fat 

1%  Casein 

33%  Casein 

20%  Casein 

40%  Casein 

20%  Casein 

20%  Casein 

20%  Casein 

33%  Casein 

B.D. 

30%  B.D. 

0.5%  Lecithin 

2.5%  Lactate 

• 

2.5%  Propionate _ 

910 

9ni 

9in 

9ni 

9ni 

9n) 

I  200 

308 

200 

400 

200 

200 

200 

308 

54 

- 

104 

4 

54 

51 

29 

- 

27 

- 

52 

2 

27 

26 

15 

- 

27  . 

- 

52 

2 

27 

26 

14 

- 

75 

75 

125 

125 

150 

150 

150 

150 

225 

225 

375 

375 

450 

450 

450 

450 

300 

300 

e 

25 

25 

40 

40 

40 

40 

40 

40 

40 

40 

10 

10 

10 

10 

10 

10 

10 

10 

2 

2 

2 

2 

2 

2 

2 

2 

40 

40 

40 

40 

40 

40 

40 

40 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

750 

750 

750 

750 

750 

750 

1750 

1750 

1750 

1750 

1750 

1750 

1750 

1750 

53 
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CHARACTERISTICS  OF  DIETS  USED  TO  ST1 

inte: 


Diet 

CALORIC  CONTENT 

Cal./gm 

Cal./gm 

Protein 

Total  calories  as 

D.B. 

W.B. 

Protein  Fat 

Lee. 

Lac 

% 

% 

% 

% 

% 

% 

1.  lOX 

Fat 

+ 

20%  Casein 

4.0 

2.3 

22.6 

18 

22 

61 

• 

2.  lOK 

Fat 

+ 

40%  Casein 

4.0 

2.3 

11.1 

36 

22 

42 

- 

- 

- 

3.  20% 

Fat 

+ 

20%  Casein 

5.1 

2.9 

28.1 

14 

53 

33 

- 

- 

- 

4.  30X 

Fat 

+ 

40%  Casein 

5.1 

2.9 

13.9 

29 

54 

17 

- 

- 

- 

5.  20% 

Fat 

+ 

20%  Casein 

♦ 

20%  B.D. 

5.4 

3.1 

30.4 

13 

49 

16 

22 

- 

- 

6.  30X 

Fat 

+ 

40%  Casein 

♦ 

20%  B.D. 

5.4 

3.1 

15.0 

27 

50 

1 

22 

- 

- 

7,  30X 

Pat 

+ 

40%  Casein 

♦ 

20%  B.D. 

♦ 

0.5%  Lee. 

5.4 

3.1 

15.0 

26 

50 

1 

22 

1 

- 

6.  30K 

Fat 

+ 

20%  Casein 

+ 

30>«  B«D« 

5.8 

3.3 

31.6 

13 

47 

8 

32 

- 

- 

9.  20% 

Fat 

+ 

33%  Casein 

30%  B.D. 

5.6 

3.2 

20.4 

20 

48 

1 

31 

- 

- 

10.  50% 

Fat 

+ 

20%  Casein 

6.1 

3.5 

33.8 

12 

74 

14 

- 

- 

- 

11.  50% 

Fat 

40%  Casein 

6.0 

3.4 

16.7 

24 

75 

1 

- 

- 

- 

12.  60X 

Fat 

+ 

20%  Casein 

6.7 

3.8 

36.6 

11 

82 

7 

- 

- 

- 

13.  60X 

Fat 

+ 

20%  Casein 

0.5%  Lee. 

6.7 

3.8 

36.8 

11 

81 

7 

- 

1 

- 

14.  60% 

Fat 

♦ 

20%  Casein 

2.5%  Lact. 

+ 

2.5%  Propn. 

1 

6.5 

3.7 

35.9 

11 

83 

4 

- 

- 

1 

15.  60% 

Fat 

♦ 

33%  Casein 

6.5 

3.7 

23.7 

17 

82 

1 

« 

*  *  Caloric  calculation  based  on  the  following: 


Protein-  ------------4  Cal./gn 

Fat-  -  --  --  --  --  --  --  -9  Cal./9<n 
Carbohydrate-  ---------4  Cal./gm 

1, 3-Butanediol-  --^------6  Cal./gm 

Lecithin-  -----------9  Cal./gm 

Calcium  Lactate-  --------2  Cal./gm 

Sodium  Propionate-  -------3  Cal./gm 


**  Includes  calories  from  sucrose  used  as  a  diluent  in  the  vitamin  mix. 
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TABLE  23 

ICS  OF  DIETS  USED  TO  STUDY  PROTEIN,  FAT  AND  1 . 3-BUTANEDIOL 


INTERRELATIONSHIPS 


CALORIC  DISTRIBUTION* 

DIET  COMPOSITION 

as 

Protein 

Fat 

B.D. 

Carbo. 

Lee. 

9 

I 

Lee. 

Lact. 

Proon. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

P.B.  W, 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

61 

• 

18.0 

10.3 

10.0 

5.7 

- 

61.7 

35.3 

- 

- 

- 

42 

• 

• 

• 

- 

36.0 

20.6 

10.0 

5.7 

- 

- 

41.7 

23.8 

- 

- 

- 

33 

• 

• 

- 

18.0 

10.3 

30.0 

17.1 

- 

- 

41.7 

23.8 

- 

- 

- 

17 

• 

• 

• 

• 

36.0 

20.6 

30.0 

17.1 

- 

- 

21.7 

12.4 

- 

- 

- 

16 

22 

• 

• 

18.0 

10.3 

30.0 

17.1 

20.0 

11.4 

21.7 

12.4 

- 

- 

- 

1 

22 

- 

- 

- 

36.0 

20.6 

30.0 

17.1 

20.0 

11.4 

1.7 

1.0 

— 

• 

• 

1 

22 

1 

36.0 

20.6 

30.0 

17.1 

2D.0 

11.4 

1.2 

0.7 

0.5 

0.3 

- 

8 

32 

• 

• 

* 

18.0 

10.3 

30.0 

17.1 

30.0 

17.1 

11.7 

6.7 

- 

- 

- 

1 

31 

27.7 

15.8 

30.0 

17.1 

30.0 

17.1 

0.9 

0.5 

- 

- 

- 

14 

• 

• 

• 

18.0 

10.3 

50.0 

28.6 

- 

- 

21.7 

12.4 

— 

- 

- 

1 

• 

• 

36.0 

20.6 

50.0 

28.6 

- 

- 

1.7 

1.0 

- 

- 

- 

7 

• 

• 

- 

18.0 

10.3 

60.0 

34.3 

- 

- 

11.7 

6.7 

- 

- 

- 

7 

- 

1 

- 

- 

18.0 

10.3 

60.0 

34.3 

- 

- 

11.2 

6.4 

0.5 

0.3 

• 

4 

1 

1 

18.0 

10.3 

60.0 

34.3 

> 

5.8 

3.3 

- 

- 

2.5  1 

1 

- 

- 

- 

- 

27.7 

15.8 

60.0 

34.3 

- 

- 

0.9 

0.5 

- 

- 

- 

D.B.  -  Dry  basis,  excluding  added  water  in  agar-gel  diet  preparation.  S4 
W.B.  -  Wet  basis,  agar-gel  diets  as  consumed.  . 

Carbo.  -  Carbohydrate. 

B.D.  -  1, 3-Butanediol. 

Lee.  -  Lecithin,  refined  soy  bean. 

Lact.  -  Calcium  lactate,  approximately  58.4%  lactic  acid. 

Propn.  -  Sodium  propionate,  approximately  77.1%  propionic  acid. 


0 


LOTEIN,  FAT  AND  1 , 3-BUTANEDIOL 
'lONSHIPS 


DIET  COMPOSITION 


Protein  Fat  B.D.  Car bo.  Lee.  Lactate  Propionate 


W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W.B. 

D.B. 

W,B, 

% 

% 

% 

% 

% 

% 

% 

% 

— 

18.0 

10.3 

10.0 

5.7 

_ 

— 

61.7 

35.3 

* 

- 

36.0 

20.6 

10.0 

5.7 

- 

- 

41.7 

23.8 

- 

-  - 

- 

- 

- 

18.0 

10.3 

30.0 

17.1 

- 

- 

41.7 

23.8 

- 

-  - 

• 

- 

36.0 

20.6 

30.0 

17.1 

- 

- 

21.7 

12.4 

- 

-  - 

- 

- 

18.0 

10.3 

30.0 

17.1 

20.0 

11.4 

21.7 

12.4 

-  - 

-  - 

- 

- 

- 

36.0 

20.6 

30.0 

17.1 

20.0 

11.4 

1.7 

1.0 

- 

- 

- 

- 

- 

36.0 

20.6 

30.0 

17.1 

20.0 

11.4 

1.2 

0.7 

0.5 

0.3 

- 

18.0 

10.3 

30.0 

17.1 

30.0 

17.1 

11.7 

6.7 

- 

- 

- 

«- 

- 

27.7 

15.8 

30.0 

17.1 

30.0 

17.1 

0.9 

0.5 

- 

• 

• 

- 

18.0 

10.3 

50.0 

28.6 

- 

- 

21.7 

12.4 

— 

• 

• 

- 

36.0 

20.6 

50.0 

28.6 

- 

- 

1.7 

1.0 

- 

• 

• 

• 

- 

18.0 

10.3 

60.0 

34.3 

- 

- 

11.7 

6.7 

-  - 

-  - 

• 

• 

- 

18.0 

10.3 

60.0 

34.3 

- 

- 

11.2 

6«4 

0.5 

0.3 

- 

- 

- 

1 

18.0 

10.3 

60.0 

34.3 

5.8 

3.3 

2.5 

1.4 

2.5 

1.4 

- 

27.7 

15.8 

60.0 

34.3 

- 

- 

0.9 

0.5 

• 

• 

- 

D.B.  -  Dry  basis,  excluding  added  water  in  agar-gel  diet  preparation.  See  Table  22. 
W.B.  -  Wet  basis,  agar-gel  diets  as  consumed. 

Carbo.  -  Carbohydrate. 

B.D.  -  1, 3-Butanediol. 

Lee.  -  Lecithin,  refined  soy  bean. 

Lact.  -  Calcium  lactate,  approximately  58. 4X  lactic  acid. 

Propn.  -  Sodium  propionate,  approximately  77.1%  propionic  acid. 
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EFFECTS  OF  PROTEIN,  FAT  AND  1 . 3-BUTANEDIOL  ON  8-WEEK  WEIGHT  GAIN,  NUTRIEl 
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CUMUIATIVB  AND  WBBKLY  BODY  WBldfr  GAINS  OP  MALE  RATS  FED  VARIOUS  LEVELS  OF  PROTEIN,  FAT  AND 

1. 3-BUTANEDIOL 
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Results 


The  data  obtained  have  been  evaluated  in  terms  of  body  weight 
gain,  nutrient  intake,  food  efficiency,  protein  efficiency,  caloric 
efficiency,  degree  of  ketosis,  survival,  internal  organ  weights, 
serum  enzyme  biochemistry,  and  microscopic  periodontal  tissue 
changes.  Diet  1  (10?i  fat  20%  casein)  served  as  the  regular  pro¬ 
tein  level  control,  while  diet  2  (10%  fat  +  40%  casein)  was  the 
high  protein  control . 

The  results  of  the  feeding  studies  have  been  divided  into  3 
•  growth  periods,  4,  8,  2md  30  weeks,  and  are  presented  in  Tables  24, 
25,  and  26,  respectively. 

Body  Weight  Gain 

At  best,  the  interpretation  of  growth  and  body  weight  differ¬ 
ences  as  indicated  by  body  weight  gain  is  difficult.  In  this 
experiment,  the  body  weight  gain  changes  with  age  were  evaluated 
continuously,  but  particularly  after  4,  8  and  30  weeks  on  test. 
Cumulative  emd  weekly  average  body  weight  gains  of  the  animals 
from  1  to  8  weeks  on  test  are  given  in  Table  27.  Bi-weekly  cumu¬ 
lative  average  weight  gains  from  8  to  30  weeks  on  test  are  shown 
in  Table  28. 

Throughout  the  test,  there  were  differences  in  weight  gain 
among  the  various  treatment  groups,  but  there  were  no  "iuithrifty“ 
animals.  All  of  the  rats  appeared  to  be  in  good  health  at  all 
times. 

Ebcaunination  of  the  4-week  vwight  gains  reveals  that  groups 
^  which  were  fed  diets  containing  30%  1, 3-butanediol  gained  the 
least  weight.  The  weight  gains  were  improved,  however,  vdien  die¬ 
tary  protein  was  raised  from  18  to  28%.  The  weight  gains  of  the 
20%  1 , 3-but2mediol  groups  were  in  the  intermediate  range.  At  4 
weeks,  there  was  a  general  trend  toward  greater  weight  gains  with 
the  high  protein  levels.  For  example,  4  out  of  5  diets  supporting 
the  highest  body  weight  increases  (173  gm  or  more)  contained 
either  33%  or  40%  casein  rather  than  the  low  level  of  20%  (Table 
24).  It  is  also  interesting  to  note  that  10,  30,  50.  and  60%  fat 
diets  are  represented  in  the  top  five  diets  for  body  weight  gain, 
and  with  the  exception  of  the  two  groups  which  received  diets  con¬ 
taining  high  levels  of  casein,  weight  gains  of  the  1, 3-but2mediol- 
fed  animals  were  in  the  lowest  bracket. 

The  adaptation  period  observed  in  earlier  investigations  was 
also  demonstrated  in  this  as  illustrated  in  Table  27;  2U)imals  fed 
20%  butemediol  and  20%  protein  (diet  5)  gained  only  13.1  gm  in 
the  first  week  of  the  study.  Ho«rever,  during  subsequent  weeks. 
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the  freight  gain  by  this  group  approximated  that  of  the  control 
animals.  When  the  protein  level  was  increased  to  40%  (diet  6), 
these  animals  grew  at  a  rate  simileu:  to  those  of  the  controls, 
indicating  the  beneficial  effects  of  high  protein  diets  in  reduc¬ 
ing  the  adaptation  period. 

After  8  weeks  on  test,  the  %«eight  gain  trends  described 
above  for  4  vreeks  were  ataintained  with  the  exception  that  high 
protein  levels  %irere  no  longer  significemtly  better. 

The  30-week  vreight  gains  %tere  also  lowest  in  the  2  groups 
fed  30%  1, 3-butanediol  and  highest  on  the  60%  fat  diets.  However, 
the  3  groups  of  rats  fed  20%  1 , 3-butanediol  had  %«eight  gains 
equivalent  to  those  of  the  2  control  diets.  As  with  the  8-week 
vreight  gains,  the  30-week  iireight  gains  did  not  appear  to  be  influ¬ 
enced  by  the  level  of  protein  in  the  diet.  A  comparison  of  27 
statistically  significant  30-%feek  body  %raight  gain  differences  is 
given  in  Table  29. 

Nutrient  Intake 

Since  food  constunption  in  the  rat  is  largely  influenced  by 
caloric  intake,  the  caloric  consus^tion  figures  given  in  Tables 
24,  25,  and  26  probably  provide  the  most  reliable  way  to  coBq>are 
nutrient  intakes  on  the  various  diets. 

At  4  %#eeks.  as  may  be  expected  because  of  a  higher  caloric 
content,  animals  fed  diets  containing  1, 3-butanediol  consumed  less 
food  than  comparable  animals  fed  diets  containing  the  same  amount 
of  fat  (30%  fat) .  In  addition,  there  was  a  reduction  in  caloric 
intake  in  1, 3-butanediol-containing  diets  7,  8,  and  9;  diets  8 
and  9  contained  30%  1 , 3-butanediol . 

The  8-  and  30-week  nutrient  intakes  continued  to  follow,  with 
some  improvement,  the  general  pattern  set  at  4  weeks.  While  less 
feed  was  consvuned  by  the  rats  which  were  fed  20%  and  30%  levels 
of  1, 3-butanediol  than  by  those  fed  on  the  10%  fat  control  or  by 
groups  fed  on  30%  fat,  the  animals  receiving  1 , 3-butanediol  had 
caloric  intakes  higher  than  those  of  the  controls.  Furthermore, 
the  20%  1 , 3-butanediol  animals’  caloric  intakes  approached  those 
of  the  30%  fat  groups.  The  highest  caloric  consumption  occurred 
in  groups  receiving  60%  fat.  Protein  intakes  varied  in  accordance 
with  levels  in  the  diets. 

Food  Efficiency 

As  compared  to  the  controls,  good  food  efficiencies  were 
generally  obtained  with  all  test  groups  zmd  at  all  ages. 
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TABLE  29 


CQHPARIS(»I  OF  SIOIIFICANT  30-WEEK  WBIGIfr  GAIN  DIFFERENCES  IN  RATS 
FED  VARIOUS  LEVELS  OF  PROTEIN,  FAT,  AND  1 , 3-BUTANEDIOL* 


- SEDUDS  Comoared 

Difference 

Signifieanee 

Level 

10%  Fat  + 

20*  Casein  vi  60*  Fat  +  20*  Casein  ** 

108 

5* 

10%  Fat  + 

20*  Casein  ^  60*  Fat  -i-  33*  Casein  ** 

119 

5* 

10%  Fat  + 

20*  Casein**  v£  30*  Fat  ♦  33*  Casein  + 
30*  B.D. 

107 

5* 

10%  Fat  + 

40*  Casein  ^  60*  Fat  -i-  20*  Casein  ** 

105 

5* 

10%  Fat  * 

40*  Casein**  v£  30*  Fat  +  33*  Casein  + 
30*  B.D. 

110 

5* 

lOX  Fat  * 

40*  Casein  60*  Fat  33*  Casein  ** 

116 

5* 

30%  Fat  -f 

20*  Casein**  ^  30*  Fat  +  20*  Casein  ♦ 
30*  B.D. 

121 

5* 

30%  Fat  -f 

20*  Casein**  ^  30*  Fat  +  33*  Casein  + 
30*  B.D. 

180 

1* 

30%  Fat  -f 

40*  Casein**  ^  30*  Fat  ♦  20*  Casein  + 
30*  B.D. 

112 

5* 

30X  Fat  + 

40*  Casein**  v*  30*  Fat  +  33*  Casein  ♦ 
30*  B.D. 

171 

1* 

30%  Fat 

20*  Casein  +  20*  B.D.**  ^  30*  Fat  •«- 
33*  Casein  *  30*  B.D. 

153 

1* 

30X  Fat  -f 

40*  Casein  *  20*  B.D.  ^  60*  Fat  -t- 
20*  Casein** 

106 

5* 

30%  Fat  4- 

40*  Casein  *  20*  B.D.  60*  Fat  * 

33*  Casein** 

117 

5* 

30*  Fat  ♦ 

40*  Casein  +  20*  B.D.**  vf  30*  Fat  ♦ 

33*  Casein  *  30%  B.D. 

109 

5* 

30*  Fat  * 

40*  Casein  20*  B.D.  -t-O.S*  Lee.  iOL 

60*  Fat  *  20*  Casein** 

113 

5* 

30%  Fat  * 

40*  Casein  *  20*  B.D.  -t-O.S*  Lee.  y£ 

60*  Fat  *  33*  Casein  ** 

124 

5* 

30%  Fat  + 

40*  Casein  +  20*  B.D.  +0.5*  Lee.**  v£ 

30*  Fat  +  33*  Casein  +  30*  B.D. 

102 

5* 

30*  Fat 

20*  Casein  +  30*  B.o.  ^  60*  Fat  + 

20*  Casein  ** 

156 

1* 

30*  Fat  * 

20*  Casein  +  30*  B.D.  ^  60*  Fat  +  20* 
Casein  +0.5*  Lee.  ** 

127 

1* 

30*  fat 

20*  Casein  +  30*  B.D.  ^  60*  Fat  + 

33*  Casein  ** 

167 

1* 

30*  Fat 

33*  Casein  +  30*  B.D.  ^  50*  Fat  + 

20*  Casein  ** 

146 

1* 

30*  Fat 

33*  Casein  +  30*  B.D.  ^  50*  Fat  + 

40*  Casein  ** 

144 

1* 

30*  Fat  * 

33*  Casein  +  30*  B.D.  ^  60*  Fat  + 

20*  Casein  •• 

215 

1* 

30%  Fat  -f 

33*  Casein  +  30*  B.D.  ^  60*  Fat  + 

20*  Casein  +  a5%  Lee.  ** 

186 

1* 

30*  Fat  * 

33*  Casein  +  30*  L.d.  ^  60*  Fat  + 

33*  Casein  •• 

226 

1* 

60*  Fat  * 

20*  Casein**  3^,  60*  Fat  +  20*  Casein  + 
2.5*  Laet.  +  2.5%  Propn. 

121 

5* 

60*  Fat  ••• 

20*  Casein  +  2.5*  Laet.  +  2.5*  Propn.  ^ 
60*  Fat  +  33*  Casein  ** 

132 

1* 

*  LSD  at  59i  Level  >■  95.3  gm;  LSD  at  IX  Level  =  124.9  gm. 

**  I8  the  group  with  the  higher  weight  gain. 
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Excellent  4-week  food  efficiencies  were  obtained  with  the 
50%  and  60%  fat  diets.  At  these  high  levels  of  fat,  the  groups 
fed  the  higher  protein  diets  demonstrated  the  best  food  efficien- 
*nd  15) .  Moreover,  high-protein  levels  appeared 
to  increase  the  food  efficiency  of  1,3-butanediol-containing 
diets  6  and  7. 

At  8  and  at  30  %feeks,  the  20%  1, 3— butanediol  groups  %fere 
superior  to  the  cmitrols  in  food  efficiency.  The  30%  1 , 3-butanediol 
animals  had  food  efficiencies  which  aljDost  equalled  those  of  the 
controls.  The  best  food  efficiencies  were  observed  in  animals 
fed  the  60%  fat  diets. 

Protein  Efficiency 


Since  the  protein  efficiency  of  diets  containing  more  pro¬ 
tein  than  that  required  by  an  animal  ciumot  be  of  a  high  order, 
it  is  not  unexpected  that  the  best  protein  efficiencies  were 
obtained  %fith  the  diets  containing  the  lower  (20%)  level  of  casein. 
This  level  of  casein  in  the  diet  is  considered  to  be  more  nearly 
optimal  for  the  rat. 

It  was  noted  that  at  4  weeks,  the  3  highest  protein  effi¬ 
ciencies  resulted  from  diets  which  also  contained  60%  fat.  This 
was  also  true  of  the  8«week  protein  efficiencies.  The  inclusion 
1 *  3— butanediol  in  diets  did  not  appear  to  impair  protein 
efficiency  at  any  age.  In  fact,  when  diets  containing  equal 
levels  of  protein  are  casq>ared,  protein  efficiency  at  30  weeks 
is  better  in  all  experimental  diets,  including  those  containing 
1, 3-butanediol,  than  in  the  controls. 

Caloric  Efficiency 

As  may  be  ejqpected,  diets  containing  the  lower  levels  of  fat 
generally  gave  the  best  caloric  efficiencies.  On  the  other  hand, 
the  diets  containing  30%  1 , 3-butanediol  were  least  efficient  in 
caloric  conversion. 

The  4-week  caloric  efficiency  values  were  highest  in  groups 
fed  10%  and  30%  fat  plus  40%  casein  (diets  2  and  4) .  At  4  and  8 
weeks,  respectively,  there  was  a  trend  toward  better  caloric  effi¬ 
ciency  with  diets  ccmtaining  the  higher  level  of  casein.  At  the 
8  and  30  week,  the  caloric  efficiencies  of  animals  fed  20%  1,3- 
butanediol  were  almost  equal  to  those  of  the  30%  fat  groups.  Fur¬ 
thermore,  the  caloric  efficiency  values  of  the  20%  1, 3-butanediol 
animals,  at  8  and  30  weeks,  %#ere  generally  equal  to  or  surpassed 
those  of  animals  fed  the  50%  and  60%  fat  diets. 
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Effect  of  Supplements 


As  mentioned  previously,  lecithin  was  added  to  some  of  the 
diets  in  order  to  test  for  a  possible  beneficial  effect  on  1,3- 

and  fat  absorption.  Calcium  lactate  and  sodium  propi¬ 
onate  were  tested  for  an  anti— ketogenic  effect.  Evaluation  of 
these  supplements  at  4,  8,  and  30  %ireeks  revealed  no  consistent 
beneficial  effects. 


Urinary  Ketone  Bodies,  Protein.  Glucose  emd  dH 

Qualitative  urinary  ketosis  measurements  for  4  and  21  weeks 
on  test  are  given  in  Tables  24  emd  30,  respectively.  In  addition. 
Table  30  shows  the  results  of  qualitative  measurements  at  21 
weeks  on  test  of  urinary  protein,  glucose  and  pU.  There  %fere  no 
unusual  differences  noted  among  the  various  groups. 

Survival 


At  the  termination  of  the  experiment  after  30  weeks,  survival 
lOOX.  Thus,  out  of  an  original  10  rats  per  group,  no 
more  than  3  animals  died  in  any  experimental  group.  This  mortality 
did  not  appear  to  be  related  to  the  type  of  diet.  Thirty-week 
survival  figures  are  given  in  Table  26. 

Organ  Weights 

The  recording  of  organ  weights  at  the  termination  of  an 
experiment  is  desirable  when  there  is  reason  to  suspect  that  a 
toxic  compound  or  factor  may  be  present  in  the  diet.  In  this 
experiment,  it  %ras  of  interest  to  determine  if  either  the  1,3- 
butanediol  or  the  other  lipids  present  in  the  diets  irould  alter 
liver  or  kidney  weights.  As  shown  in  Table  31,  there  were  no 
significant  differences  among  any  of  the  liver  or  kidney  values 
when  compared  on  a  percentage  of  body  weight  basis. 

Microscopic  Periodontal  Tissue  Examination 

Since  the  design  of  this  experiment  provided  an  opportunity 
to  study  the  effects  of  various  levels  of  fat,  protein,  and  carbo¬ 
hydrate  on  dental  health.  Dr.  Irving  Glickman  of  Tufts  University 
liras  contacted  €md  expressed  an  interest  in  undertaking  oral  pathol¬ 
ogy  studies.  Accordingly,  the  heads  from  the  30-week  2U)imals  were 
turned  over  to  him  with  the  agreement  that  periodic  reports  of 
the  dental  studies  %«ould  be  issued  for  quarterly  and  technical 
reports . 

An  abstract  of  the  progress  to  date  has  been  prepared  by 
Dr.  Glickman.  It  must  be  emphasized  that  only  preliminary  results 
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TABLE  30 


QUALITATIVE  MEASUREMENTS  OF  URINARY  KETONE  BODIES,  PROTEIN, 
GLUCOSE,  AND  pH  (21-22  WEEKS  ON  TEST)* 


Ketone 

Diet _ Bodies**  Protein***  Glucose****  pH 


1. 

1056 

Fat 

+ 

20%  Casein 

0.8 

2.8 

0.0 

6.3 

2. 

10% 

Fat 

+ 

40%  Casein 

0.5 

2.7 

0.0 

5.7 

3. 

30% 

Fat 

+ 

20%  Casein 

0.9 

3.3 

0.0 

6.0 

4. 

30% 

Fat 

+ 

40%  Casein 

0.8 

3.3 

0.0 

6.0 

5. 

30% 

Fat 

+ 

20%  Casein 

+ 

20%  B.D. 

1.2 

3.0 

0.0 

6.0 

6. 

30% 

Fat 

+ 

40%  Casein 

+ 

20%  B.D. 

0.8 

4.2 

0.0 

6.2 

7. 

30% 

Fat 

+ 

40%  Casein 

+ 

20%  B.D. 

+ 

0.5%  Lee. 

1.1 

2.8 

0.0 

6.2 

8. 

30% 

Fat 

+ 

20%  Casein 

+ 

30%  B.D. 

1.1 

2.7 

0.0 

6.0 

9. 

30% 

Fat 

+ 

33%  Casein 

+ 

30%  B.D. 

1.4 

3.0 

0.0 

5.8 

10. 

50% 

Fat 

+ 

20%  Casein 

1.4 

2.9 

0.0 

5.7 

11. 

50% 

Fat 

+ 

40%  Casein 

1.0 

3.0 

0.0 

5.7 

12. 

60% 

Fat 

+ 

20%  Casein 

1.3 

3.4 

0.0 

6.0 

13. 

60% 

Fat 

+ 

20%  Casein 

+ 

0.5%  Lec. 

1.3 

3.4 

0.0 

5.3 

14. 

60% 

Fat 

+ 

20%  Casein 

+ 

2.5%  Lact. 

+ 

2.5%  Propn. 

1.7 

3.5 

0.0 

6.0 

15. 

60% 

Fat 

+ 

33%  Casein 

1.1 

3.1 

0.1 

5.9 

• 

B.D 

.  -  ] 

L . 3-Butanediol;  Lee.  -  Lecithin; 

Lact. 

-  Calcium 

Lactate; 

Propn.  -  Sodium  Propionate. 

*  Tests  made  with  Ketostix  and  Combistix  on  overnight  fasted  animals. 

**  Ketone  bodies:  average  of  3  determinations  on  Groups  1-11. 

average  of  2  determinations  on  Groups  12-15. 

,  0-none;  1-small;  2-moderate;  3-large. 

***  Protein:  Mg.  protein  per  100  ml.  of  urine. 

0-none;  1- trace;  2730  mg.;  3-100  mg;  4-300  mg.; 
5-over  1000  mg. 

****  Glucose:  0-negative;  1-light;  2-medium;  3-heavy. 
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TABLE  31 


WEIGin'S  OF  LIVERS  AND  KIDNEYS  OF  ANIMALS  FED  DIETS  CONTAINING 
VARIOUS  LEVELS  OF  PROTEIN,  FAT  AND  1, 3-BUTANEDIOL* 


— 

' 

Liver 

Kidngy 

GrouD 

%  Bodv  Weiaht 

%  Bodv  Weiaht 

1. 

10% 

Fat 

+ 

20%  Casein 

2.05 

+ 

0.07** 

0.55 

+ 

0.02 

2. 

10% 

Fat 

+ 

40%  Casein 

2.19 

+ 

0.07 

0.53 

+ 

0.02 

3. 

30% 

Fat 

+ 

20%  Casein 

1.98 

+ 

0.07 

0.47 

+ 

0.02 

4. 

30% 

Fat 

+ 

40%  Casein 

2.10 

+ 

0.07 

0.50 

+ 

0.02 

5. 

30% 

Fat 

+ 

20%  Casein 

+ 

20% 

B.D. 

2.30 

+ 

0.06 

0.52 

+ 

0.02 

6. 

30% 

Fat 

+ 

40%  Casein 

+ 

20% 

B.D. 

2.20 

+ 

0.05 

0.59 

+ 

0.03 

7. 

30% 

Fat 

+ 

40%  Casein 

+ 

20% 

B.D. 

2.20 

0.02 

0.56 

+ 

0.01 

+  , 

.5%  Lee. 

8. 

30% 

Fat 

+ 

20%  Casein 

+ 

30% 

B.D. 

2.40 

+ 

0.08 

0.54 

+ 

O.OI 

9. 

30% 

Fat 

+ 

33%  Casein 

+ 

30% 

B.D. 

2.20 

_+ 

0.14 

0.63 

+ 

0.05 

10. 

50% 

Fat 

+ 

20%  Casein 

2.10 

+ 

0.13 

0.49 

+ 

0.02 

11. 

50% 

Fat 

+ 

40%  Casein 

2.20 

+ 

0.10 

0.48 

+ 

0.01 

12. 

60% 

Fat 

+ 

20%  Casein 

2.03 

+ 

0.05 

0.49 

+ 

0.02 

13. 

60% 

Fat 

+ 

20%  Casein 

+ 

.5% 

Lec. 

2.00 

+ 

0.04 

0.48 

+ 

0.04 

14. 

60% 

Fat 

+ 

20%  Casein 

+ 

2.5% 

2.00 

+ 

0.09 

0.57 

+ 

0.03 

Lact. 

+2.5%  Propn 

• 

15. 

60% 

Fat 

+ 

33%  Casein 

2.10 

+ 

0.07 

0.52 

+ 

0.02 

*  No  significant  differences  exist  among  any  of  the  liver  or  kidney 
values. 

**  Indicates  Standard  Error. 
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have  been  obtained.  However,  these  dental  studies  shall  receive 
careful  future  evaluation  as  they  promise  to  be  highly  interesting 
emd  informative. 

The  sxunmary  received  from  Dr.  Glickman  is  presented  below; 

"Periodontal  Tissue  Changes  Induced  by  1 , 3-Butanediol 
in  the  Diet  of  Albino  Rats.  IRVING  GLICKMAN,  Tufts 
University  School  of  Dental  Medicine,  Boston  11,  Mass. 

The  effects  of  1, 3~butanediol  in  the  diet  of 
albino  rats  were  studied  microscopically  in  the 
periodontal  tissues.  150  Charles  River  C.D.  male 
albino  rats  weighing  100  grams  were  divided  into  15 
groups  and  fed  diets  of  equal  weight  and  consistency. 

Two  groups  served  as  controls.  In  13  experimental 
groups  the  diet  was  altered  by  varied  increases  in  the 
percentage  of  fat  content  or  by  adding  comparable 
amounts  of  1 , 3-but^ulediol  or  both.  After  30  weeks  the 
animals  were  sacrificed,  frozen  immediately  at  -40“F, 
and  subsequently  defrosted,  fixed  in  neutral  buffered 
formalin.  Sections  of  the  jaws  of  some  of  the  groups 
have  been  decalcified  and  stained.  Preliminary  observa¬ 
tion  suggests  the  occurrence  of  fibrinoid  changes  amd 
hyalinization  of  the  principal  fibers  of  the  periodontal 
membrane  euid  increased  osteoclasis  of  the  alveolaur  bone 
in  the  butanediol- treated  zmimals  which  were  not  observed 
in  animals  on  control  or  fat-supplemented  diets." 

Summary 

Data  have  been  collected  on  the  feeding  of  high-energy  diets 
(5.1  to  6.5  Cal/gm) ,  composed  principally  of  fat  and  protein  with 
and  without  supplements  of  20%  and  30%  1, 3-butemediol.  to  rats 
for  a  period  of  30  weeks. 

The  results  indicate  that  the  rat  has  a  remarkable  ability 
to  adjust  to  and  thrive  on  high-calorie  diets  containing  30%  to 
60%  fat,  18%  to  36%  protein,  20%  1, 3— butanediol  and  very  little 
carbohydrate.  Overall  utilization  of  the  diets  was  most  efficient 
'^ith  the  60%  fat  diets.  Utilization  was  auurkedly  ijzq>aired  only 
when  1 , 3-butanediol  was  fed  at  the  30%  level.  High-protein  levels 
had  a  beneficial  effect  in  animals  fed  high-fat  diets  or  1,3- 
butanediol  only  during  the  first  4  «reeks  on  test.  While  20% 

1, 3-butanediol  appeared  to  be  normally  metabolized,  the  preliminary 
i^*sults  indicating  that  undesirable  microscopic  tissue  changes 
may  occur  in  animals  fed  1 , 3-butanediol  require  careful  continued 
study. 
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The  data  suggests  that  high-energy  diets,  in  which  almost 
all  of  the  carbohydrate  is  replaced  by  fat  or  a  combination  of 
fat  and  1, 3-butanediol  or  some  other  high-energy  metabolite,  may 
show  promise  as  for  use  in  space  travel. 

Experiment  Eight 

INVESTIGATim  OF  SOME  GLYCOLS  AS  POTENTIAL  FEEDING  COMPOUNDS 

Introduction  and  Purpose 

Since  experimental  inrork  with  1, 3-butanediol  has  shown  that 
it  is  relatively  nontoxic  and  can  be  utilized  for  energy  to  the 
extent  of  about  6  Cal/gm,  an  effort  w»»  made  to  learn  more  about 
members  of  the  glycol  and  butanediol  family.  In  view  of  the  fact 
that  published  toxicity  values  have  not  always  proved  to  be 
reliable,  a  test  was  conducted  with  corn  oil  (control),  1,3- 
butanediol,  1,4-butanediol  anhydrous,  1,4 -butanediol,  1,2,4- 
butanetriol  and  butynediol  diacetate. 

Experimental  Procedure 

A  single  large  dose  of  each  compound,  corn  oil  (control) , 

1, 3-butanediol,  1,4-butanediol  anhydrous,  1,4-butanediol,  1,2,4- 
butanetriol,  and  butynediol  diacetate,  of  20  gm/kg,  ms  orally 
administered  to  fasted  rats  which  mighed  about  200  gm  each. 

Since  an  oral  LO50  of  IS  gmA9  is  considered  to  be  relatively 
harmless,  it  %ras  decided  to  utilize  a  test  dose  of  20  gmAg  to 
provide  a  severe  test. 


Results  and  Suinnarv 

Experimental  and  literature  values  are  compared  in  Table  32. 
The  experimental  results  and  literature  tabulation  agree  on  the 
low  order  of  toxicity  of  1, 3-butanediol .  On  the  other  hand,  the 
other  butane  glycols  listed  appear  to  be  too  toxic  for  dietary 
use.  As  for  the  glycols,  in  general,  propylene  glycol,  having  a 
heat  of  combustion  of  about  5  Cal/gm,  is  probably  the  least  toxic. 

Ill .  Summary 

During  the  period  covered  by  this  report,  a  total  of  8  animal 
tests  %rere  completed.  Three  of  these  tests  were  concerned  with 
the  M.I.T.  bio-assay  for  estimating  the  caloric  density  of  dietary 
components.  One  test  involved  the  investigation  of  the  toxicity 
of  a  number  of  glycols.  Four  tests  were  carried  out  to  study  fac¬ 
tors  affecting  the  utilization  and  metabolism  of  "high-energy 
metabolites"  in  the  form  of  fat,  nonanoic  (pelargonic)  acid^ and 
1 , 3-butanediol . 
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TABLE  32 


COMPARATIVE  TOXICITY  OF  SOME  GLYCOLS 


Corn  Oil  (control) 

1. 3- Butanediol 

1. 4- Butanediol  (anhyd.) 

1.4- Butanediol 

1.2. 4- Butanetriol 
Butynediol  diacetate 
2 . 3-Butanediol 
Ethylene  glycol 
Propylene  glycol 
Trimethylene  glycol 


lOOX  survival 
1009£  survival  (LD50 
higher  than  20  gm/kg 
Death  in  ^  hr. 

Death  in  ^  hr. 

Death  in  24  Mrs. 
Death  in  24  hrs. 


18.6* 

23.3 

— 

2.1 

— — — — 

9.0 

8.5* 

13.8 

26.4  * 

30.8 

16.0** *** 

6.0 

*  Smyth,  H.F.,  J.  Eaton,  and  L.  Fischer,  J.  Indust.  Hyg.  23:259  (1941) 

**  vanWinkle,  W.,  J.  Pharra.  72:227  (1941). 

***  Fischer.  L.,  R,  Kopf.,  A.  Loeser,  and  G.  Meyer,  Zges.  exp.  Med. 
115:22  (1949). 


AS  a  result  of  these  tests,  more  information  has  been  obtained 
on  the  control  of  factors  which  influence  the  reliability  of  the 
M.I.T.  caloric  bio-assay;  these  include  variation  caused  by  strain, 
initial  body  weight,  and  group  weight  range  differences. 

Biochemical  metabolic  studies  on  the  comparative  utilization 
and  metabolism  of  octanoic  acid  (even-carbon.  Cq)  and  nonanoic 
acid  (odd-carbon,  Cq)  in  high-fat  diets  supported  the  contention 
that  odd-carbon  fatty  acids  may  be  p^urtly  glucogenic  and  that  more 
suitable  odd-carbon  compounds  than  nonanoic  acid  may  prove  capable 
of  replacing  a  large  portion  of  dietary  carbohydrate. 

Paired-feeding  and  intubation  studies,  which  circumvented 
diet  acceptance  and  palatability  problems,  indicated  that  nonanoic 
acid  (pelargonic  acid)  and  1 . 3-butanediol  were  utilized  for  energy 
at  approximately  6.0  Cal/gm.  Of  the  two  compounds.  1 . 3-^tanediol 
was  found  to  be  more  acceptable  for  inclusion  in  the  ration. 

A  long-term  (30-week)  feeding  study  demonstrated  that  rats 
can  utilize  high-energy  diets  containing  18%  protein,  30%  to  60% 
fat.  30%  fat  plus  20%  1. 3-butanediol.  and  very  little  carbohydrate. 
These  data  suggest  the  potential  usefulness  of  1 . 3-butanediol  in 
similar  formulations  for  astronaut  rations. 
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SECTICW  D.  SUMMARY 


1.  The  synthesis  o£  2,4-diiikethylheptemoic  acid  amd  the  sepa¬ 
ration  of  its  diastereoisomers  has  been  completed.  The  purity  of 
the  compound  has  been  verified  by  gas  chromatography  emd  infrared 
spectroscopy.  Synthesis  of  the  labeled  acid  by  means  of  a  malonic 
ester  condensation  is  in  progress. 

2.  The  acute  toxicity  of  2,4-dimethylheptemoic  acid  has  been 
determined.  The  oral  L05o(7  days)  was  estimated  to  be  approxi¬ 
mately  S  gm/kq.  This  slight  toxicity  is  similar  to  those  observed 
upon  examination  of  other  short-chain  fatty  acids  and  is  not 
expected  to  be  significant  when  the  compound  is  included  as  part 
of  a  mixed  diet. 

3.  Since  it  is  expected  that  the  unoxidized  portion  of 
ingested  2 , 4-dime thy Iheptanoic  acid  will  consist  of  low  moleculeu: 
weight  monocarboxyl ic  emd  dicarboxylic  acids,  an  emalytical  scheme 
has  been  developed  for  separation  and  identification  of  such  com- 
potinds. 

4.  Further  investigations  of  the  factors  influencing  the 
M.I.T.  caloric  bio-assay  indicate  that  initial  body  weight  emd 
weight  spread  within  groups  vrere  most  influential  in  maintaining 
reliability.  Initial  %#eighta  of  45-46  grams  emd  vreight  spreads 
of  5-6  greuns  gave  best  results. 

5.  Biochemical,  metabolic,  emd  feeding  tests  supported  the 
contention  that  odd-carbon  fatty  acids,  e.g.,  nonanoic  acid,  are 
partly  glucogenic  even  %fhen  included  as  part  of  a  high-fat  diet. 
Nonanoic  acid,  however,  was  found  to  be  relatively  poorly  utilized 
by  the  rat.  Other  odd-ceurbon  fatty  acids  may  have  some  value, 
however . 


6.  Paired-feeding  and  intubation  studies  indicated  that  the 
relatively  poor  growth  of  emimals  fed  1, 3-butanediol  was  a  fxmction 
of  decreased  food  intake  and  not  due  to  toxic  or  metabolic  dys¬ 
function. 


7.  A  long  term  (30-week)  feeding  study  demonstrated  that  the 
rat  can  utilize  1 , 3-butanediol  in  diets  containing  various  levels 
of  protein,  fat,  and  carbohydrate.  Metabolic  amd  enzymatic  studies 
are  in  progress. 


71 


e 


( 


LIST  OP  REFERENCES 


1.  Taylor,  A.  A.,  Beatrice  Finkclstein,  and  R.  E.  Hayes,  Food 
for  Space  Travel.  ARDC  Technical  Report  No.  60-8,  Air  Research 
and  Development  Command,  Baltimore,  Maryland,  July  1960. 

2.  Goldblith,  S.  A.,  S.  A.  Miller,  P.  M.  Richardson,  E.  Wick, 
and  H.  A.  Oymsza,  High-Energy  Metabolites.  WAOD  Technical 
Report  60-575,  Wright  Air  Development  Division,  Wright- 
Patterson  Air  Force  Base,  Ohio,  August  1960. 

3.  Roper,  R.,  and  T.  S.  Ma,  “Diazosie thane  as  a  Reagent,"  Micro¬ 
chemical  Journal.  Vol  1,  p  245,  1957. 

4.  Holler,  C.  R.,  and  R.  Dinsmore,  in  Organic  Syntheses.  Coll 
Vol  II,  p  358,  John  Wiley  and  Sons,  New  York,  1943. 

5.  Rehberg,  C.  E.,  and  H.  R.  Henze,  "Xeto-carbinzunines , "  Journal 
of  the  American  Chemical  Society.  Vol  63,  p  2785,  1941. 

6.  Marvel,  C.  S.,  in  Organic  Syntheses.  Coll  Vol  III,  p  495, 

John  Wiley  and  Sons,  New  York,  1955. 

7.  Weitzel,  G.,  and  J.  Wojahn,  "Biochesiie  verz%migter  Carbon- 
sluren  V.  Mitteilung  Darstellung  slmtlicher  d,  l-Monorc'-thyl- 
palnitinsauren, "  Zeitschrift  fflr  Phvsiologische  Chemie. 

Vol  287,  p  65,  1951. 

8.  Ambrose,  D.,  in  R.  P.  W.  Scott  (Editor),  Gas  Chromatography 
1960.  p  429,  Buttexworth  Inc.,  Washington,  D.C.,  1960. 

9.  Saswon,  F.  E.,  Jr.,  N.  Dahl,  and  D.  R.  Dahl,  "A  Study  of  the 
Narcotic  Action  of  the  Short  Chain  Fatty  Acids,"  Journal  of 
Clinical  Investigation.  Vol  35,  p  1294,  1956. 

10.  Wretllnd,  A.,  "The  Toxicity  of  Low-molecular  Triglycerides," 
Acta  Physiologies  Scandinavica.  Vol  40,  p  338,  1957. 

11.  Cawley,  L.  P.,  F.  E.  Spear,  and  R.  Kendall,  "Ultramicro  Chemi¬ 
cal  Analysis  of  Blood  Glucose  with  Glucose  Oxidase, "  Tech. 
Bull,  of  Reg,  of  Med.  Technol..  Vol  29,  p  111,  1959. 

12.  Ken«>,  A.,  and  A.  J.  Van  Hei jningen,  "A  Calorimetric  Micro-method 
for  the  Determination  of  Glycogen  in  Tissues,"  Biochemical 
Journal .  Vol  56,  p  646,  1954. 

13.  Lyon,  J.  B.,  Jr.,  and  W.  L.  Bloom,  "The  Use  of  Furfural  for 
the  Determination  of  Acetone  Bodies  in  Biological  Fluids, " 
Canadian  Journal  of  Biochemistry  and  Physiology,  Vol  36, 

pp  10,  1047-1056,  1958. 


72 


I 

0 

i 


CO 

CD 


a 

LU 

£ 

55 

w 


U 

S'. 

D 


(A 

t3 


2 

CO  o 


< 

^  rt 

•S  rt  0)  ^  A  .2 

Qu,u,2ca<HcQ 


>»  ^ 
u‘  O 

a>  o  ^ 

I  p  s  s . 

£“-"12 

■g  U  ^  p  o 

8«>  «  g-a 

.J 


CO 


a» 

I  bC 

j:  *0 
o 
0) 


tJ  H-R 

<y  s 

^  ‘S  • 

O  « 
4>  to 
flj 


Ll.  « 

o 

u  <  o 

o  ^D 

■‘  Ji  A  O  z: 

2  CD  c«  3  ^  — 

i:  *-»  CO  bcS 

c  CD  to  M  O 

o  iC'  to  • 

uSS  = 


o  o> 
c  o 


CS  CO  ^  UO  ^  *14 


o 

u 

E 

u 

z 


o 

u 

E 

w 

w 


.■< 

"  ac  J 


u 

s; 


w  . 

.  «  U3 

^  5 
c  o 

Sq  $ 


•X  eg 
^  eg 
.  ^ 
*3  00 
^  H 
5  <  O 

=g  52  - 

o  _  > 

o  ^  < 


-  s  > 


z 

oO 


c 

o 


2  2  H 

—  tr  ^  ^ 

,  O  <  Z  o  3 

.o  u  5  5 
,  a  p  o  H  *” 
j:  i*.  w  Q  dps 

o  <  aj  2  -  t-  *7 

3  c  z  o  »  «  «> 

«  “*  J  _  -  e 


u 

c 

a 

o 


2  > 
:h  X 

o  o 
o  *- 


g  s 

rs 


o 

,  f3  ^  O 

O 

5  e-S 

O-  ^ 
=:  Or;’ 
*•“  ao  JS 


I  £>.r3- 


•c  5 
o  — 
s  o 


=  >.g 

t:  —  -c 

*  1-  ^ 

T  3  I 

^  2  c 


•5  a  =  _  ^ 


c  c 

5'  5  p 

o  i 
2  «  « 
|5i 
3 

u  “■ 


rt 


T3 

SLw 

O  *3 


^  2 
.5i 

C  U 
PS  PS 

o- 

g-g 

u 

a>  u 
to  ~ 

<  t3 
O 


CO 


“  >.5 

P5  U 

to  ^ 
«  :; 


^  .  ts 


O  u  «  ,c 
c  2  V  - 
S  -c  -c 

^  ^  0£  O 
o  u  S 
O  so 

2'ZBn 

p  E 

>.  N 


^  2 


-  *0 
CM  i 
w  o 
c  “3 

^  E 

•/  o 
^  o 
£  C 

c  c» 
>.  o 
tn  ^ 


ila 


*:  =  = 
«  3  V 


^  u 


^  to  i; 


:5 

u 

y: 


^‘r 

c  5 

5 

o  r' 
U. 


«i2 


O  T 

c.  o 
:r« 
o  ^ 

a?: 

O  jc 

'  to 

p; 

<  H 


o  u 

-  2 
£  rt 
O  u 

E  2 
2n 


tf  ® 

<  o 

.w  c® 

^  A 
22 
c  C£ 

O  CO 
U  CO 


_  o 

id- 

|!l 

C  O  i. 

•O  ^  ■::  :3  5.  ^ 

^  f  c  3  E 
o  -r  .'1  ?  5 
—  x:  o  w  w  !0 


£  "3 
•o  ^  u 

=  H  -2 
^  c 
to  ^  « 

3  O  - 
£ 


u 

c. 


2  5 

C  x: 
CJ 


9  to 

3S 

i*  2  ’■" 

«  fr  .2 

o  5  -c 

^  3  - 

3  ‘r  y. 


1/1  2  •_ 


•»  U  V 

“  3  x: 
=  ■8 
■o  ^ 


2  Si 


3.U. 


B -3 

5  2 

3  E 


x:-.2  g,c 

_  =  -i  « 
S  3  n  "K 
0.^0° 

0^0-*= 

o 

2  o  >•  ^ 
=  50 

■c  =  ^  ^ 

^  PS  c  ^ 
5$  3 

,2  O  to 
!■►.  *  ^  ^ 
r:  CO  a  $! 
t:  •  o.^ 
c:  3  H 


o 

o 


■X  c 
*3  O 

o  S 

JZ  I 

w,  O 

O  > 

w  ^ 

c  W 
o  . 
y  o 

»  2 

o  £ 

oE 

O 

3*  t3 
O 

to 

■S  2 

ii  £ 

•r  S' 
n  ■« 

■o  2 

c 

3  C< 

RE 


«  ^ 
ifl  2 

c  .2 

5  ^ 


t  2 

2  J2 

o  o 

2  S  . 

^  “  to 
c 

•O  PS  o 

2  V  - 
^  -5^ 

U  ^  3 

050 

>  O 

a*  "c  tfi 
rt  o 


£  t3  > 

to  o 
o  c  u 
—  rt  ft/ 
“s’? 

£|  § 

ft. 

o  .  to 

w  3 


^  “2  -^•■ 
c  ?£ 


a 

u 


3 

'u 

A 


0^ 

toM 


CO 

CO 

3 

3 


la 

;  ^  P  s'i 

■  <  <  ^  <f, 

<  »;  •  t/i  “  c/3 

•  -  J  .  £  H 
'”.  ruJ£<‘=> 

,  s.  ZZ  i_. 

I 

z  i^  is  '3  Z< 

^  >  > 


sIe  5  I 


Siii 

p2 :  s 
22-2 

Is  *  2 

.  <  H  « 


•?  • 

25 


■2  - 


o 

>  -•  -.  O 

=  hif- 
-  6-S 

Jt  ^  «  -3 

a.j'.^J'r 
*;  5  £  ”  5 

llltl 

1 1  1 1 

■g  i  5  —  ■“ 


c 

&S* 

.-i!£ 
Si 


■3  C 

n  o 
g  "u 

fj  rt 

W  **' 

to  -y 

Ej 

CO  5 

<  -C 

o 
>>  rt 

r'S  O 

5  ? 


■c 

•3 

PS 


to 

(Z 

.  • 

«  P  - 


'  o  c 

‘  5  ^ 
?:w  2 
£  2 

^  T3 
tx  C/ 

.M  «M 

to 


cwx:'/;*- 
^  Zj  ^  Cj  T. 


u 

3  a> 
r  = 

1 

o  u  ;c 
o  o 

£  !Z  £  rt 

=  E 

£  •  £  5;  c 
«* 


X  C 
3  O 

o  E 

£  I 

—  c 

o  > 
•0  ^ 
C  CO 
V  , 

KZ 


o  >> 

'O  J: 

^  o 


.z»  u 
r  o 


c,  c. 

E  ^ 


CM 


Q,'- 
3  3 
ft> 

£  S 

fl;  c4 

>  2 

2  £ 

c5  *0 

E  ° 

3  a> 

o  3 

CX3 


3  PS  O 

£  VS 

^  'Si'o 
u  ^  c 
a>  5  o 
>  0 

a>  *c  'o 
rt  «  g 

*3  ‘C 
£3  5 

to  a> 
a>  c  u 
rt  a> 

c  I  C 
= 

S  CO  a> 
a>  •>  to 
3 


■t 


Q 

U 

b 

w 

w 

< 

J 

O 

Z 

3 


Q 

U 

E 

V) 

v> 

< 

=> 


t)- 


4 


4 


A 


Q 

U 

U4 

CO 

CO 


O 

2 

D 


(A 

T5 

U 

< 


a 

(A 


CO 

CD 


^  vM 

L-  U  ^ 

^  C'  o  ^ 
-  g  «>  u 


u.  2 

£><8 

O  _  CD 

rt  ‘ 


(0  ^ 

“H 

s« 

f  * 


0/ 

ti- 

2 

u 

ja 

B 

69 

u 


.5^7^,.  <l^U.rtcDC«35^^ 

>''3rt‘fi^'^  p  oi’-'  '■®  - 

w  S-S  Wco  <A 

bubuScQ<f^ca'-*U«S£  CM 


-  -t-  — 


i-HCjeoTTin”-  jH 


Q 

U 

e: 

:3 

u 

5: 

D 


Q 

U 

HH 

U4 


CO 

CO 

< 

U 

2 


I 


J  W  CNl 

<  a> 

.  ^ 


f  CO 


:  K  J 

rt  U 
N 

tfi  » 

e  u 


•««  ^ 


O  CO 

.  S  H 

£  <  o 

7^  H  i 
=§2- 
o 


O  —  < 


>> 


1^ 


Q 

U 

C 

CO 

< 

U 

2 

D 


rt 

t. 

•  4» 

C  2C 

o  n 
£  ■'^ 

II 


^1 


II 

ii  >« 

<  <e 


7,  >: 
oOp 

5  ^ 
o  <  z 

.0  UJ 
COH^ 

!*•  W  5J 

<  UJS 

fss 

—  in  w 

5  •?  X 
^  fi  O 

2  <  * 
MX  u. 

r  Q  o 

£ii 
i  2 


Z  y 

2  . 

1  ^ 
J  X 


Z 

o. 


c 

o 

—  " 

I 

.  c 

32 

f  n 
»  J 

5  • 

"e 

rv  . 

^  c. 

fl  « 

5" 
•  « 

r  ii 

il 

V  •• 


u 

a 


-1 

r*  C 

s| 

«  j 
X  s 

H  U 


■®  :». 

!t  C 

Ii 

o 

n  — 

u  i 
3  ? 
5  S 

s  3 

£  i 

1 

€  X 

T  ■? 


«  —  o 

®  ,1.’ 

S  E-S 
fi^i 
^  S= 

£  2  1 


z  “1  w 


'S 

£ 

« 

£ 

C  C 

3 


ijj 

I  o 
^  «  I 
•  i<  ^ 

2  O 

c  - 
»-  .  u 


5  •? 


f  E 
<  : 


Ilf 

ii- 


f  «  2 

li'i 

«Z  3 

Cj-^  ^ 

•r  z  5 

II « 

^  3 

■'  3* 


o  - 


c  V 
>  u 

V)  C 


±  =  c 

S  3  t 

_  X  fi.  i 

«  £  £  ”  §  "S 

i:  £  •  2  £  n 


#  ;  7  1  -3 


b 


••  •••  35 

i.*  X®  f  ^ 

c  Ifc  1*1  S  tt  <  ^  e w  r»  .»  £  =  «  W 


^1 

2-e 

69  6% 

w  ^ 
^  • 


lA 

n 

.  .  * 

«  c  w 


2«? 

2  ~  S;  n 

2  s  *  - 


JC.  T3 


r  "a  * 
§^i5 

I 

4^  t 

::  c  c 
XJ  * 

^  « 

5  >  -S 

s  3 

h  2  *- 

|5  £ 

c  X  W 


•<  TJ 
>  3 

n  I 

» 

9  X 

^3 

II 

!t  £ 
^  * 

3  ■! 

fl 


.<  . 

<XJ 
!/) 


-c 


Ef 

o 

I  2  E 

It  ::  b  o 
c  ^  o 
* 

w  w  J?  £ 

i^- 

fc  «!  •»£  H 
S  u  2  *" 
V  o  « 
5  “  c  -; 

■^TJ  ■"  3 
E  ^ 
£252 

3-  ” 

a=  2': 

*  «D  ? 

5  2-  u 

c  ^  4,  ■* 
«  I  ^  t 

|2^g 

;•  3  K  Js 

z  o  * 

>  •  t  A 

=  "  lx 

£-•  S-H 

0  •« 

<  ^  v> 

;o  c2 

b 

u 

^  r~  w 

^  CO  ^ 


•o  O 

o  E 

£  I 
—  C 

'S?  ^ 
S  ^ 
^  4» 

C  V3 
^  . 
Si  4» 

t"  •* 

SL2 

si 

a  ^ 

3 

jk  ^ 

-5  iA 

>  .O' 

Ii 


n  1; 

an  2 

11  -2 

i:  I. 

r  o 

1: 

%t  0 

3l 


■c  It  o 

2  V  = 
'=  -S^ 

u  »  c 
t  2  c 


■«  c 

£  5 

(A  & 
0;  C 
—  rt 


■gs 

3  b 

S.-g 


o  c 


6tX  "O 


£  ^  5 

■gnu 

1-3 


•  •  a=  < 
n  U3  -  £ 
M  Si- 
•j*  •  r>  n 


o£. 


—  CM«^in—  —  — 


C 

w 

bu 

CO 

CO 


<J 

Z 

D 


X 

O 

ffi 

X  Ui 

Si  < 

t  c 

i  S 

.  4  u 

§5  = 

2  2  £ 

Stz 

—  2  2f 

I*  »  u 

•0  5^ 

4*  &  • 

«  «  9ft 
^  O  •; 

S 

S  <  £ 

a  ^  fi 
Oft  £  ij 

o  S  ® 

U  p 
^  u^ 

<  CD 


Op  i 

o  u  2  £  , 
C  Q  c  n 

X  - 


It  o  2 
«  j 


>  X  It 

•  9  •  • 

-  J  _  -  X  is 
<  =  2Hs 

in  O  ^  — 

*?=  .PQ 

CM  W  CM  •  < 

‘fxS^^ 

X  U.  -  £  c 

oo>j:- 

H  m  5  2  "C 

•  Q  S  £ 

Z  .  a  i 

.  .  £: 

S  S  S  “  j< 
Xq  '  c« 

•  U  ^  9i  Z 
'Sr  C  3  ^ 

U»  ;-•  ^  w 
cc  O  U.  Z  O 


o  .  ®* 


;  i: 

^  r 


V  0 

3  •* 


c  p 

?•  i: 
£  3 
£  E 


■3  X 


2  E 

iA  O 
9t  O 

£  c 

5>2 

CO  ^ 


3^0 

eg*' 

<« 

"S.  - 

fn  t 

£  b> 

>  nX 

sqs 

■5  =  3 

•  •  Crf 

•c  A  » 

•  z 

•^  £  o 

3  "E  « 

.  W 
Of 
£ 

s  --  3 

™  o 

H  O 


3  «- 


^  "g  *  X  2  & 

2  I?  K 


L« 

(9 

«  *•  “X 
2  2  2 
£SS 


« 

V 

x: 

c 
>. 

« 

a,--^  = 
2  •*  ** 

«Z  1 

^  u  =■ 

|15 

^  C  « 
1“^  3 

E  —  O’ 

S 

'*  £ 


£  c  _ 
111 
5i"= 


1  i  i 

2€  = 

?1  fli  "t? 

w  W  T 


?:1^ 


« 

-» 

.  . 

5  E  X 

bn  O  S 


5  5 

lii 

^  F 

a  2  # 

■S-®  2 

c  J*  s 

233 

3  « 

Ca  X  U 

X  2  3 

=  1 1 

«a  2  3 


S5  3  2  Jn 

<■0  y!! 
•-II  “ 
3^“’? 


-  3  3  "S  i  '  2 

1  *•  X  *2 

2  2  9  3 
s  3 

C  S  >■- 

It  2  3  2 

cj  ^  *0 

s  Cf  >a 

£  s  —  K 

#1^1 

5  2  >.  » 

CJ  Z  ♦-  “ 


^  s 


-24 

"  X  £ 

•  w 

£*0  0 
M  bn  ^ 

2;£ 

£9  ii 

E  £  & 
'n*  — 

-a  "  8 

It  -5 
la  ^ 

o  £  a 

>.  £  5 
—  et  41 

3  £  «! 

E  si  ^ 

•5  o  « 
rt  H 


'5  > 

«  S 

H  9i  2 

«  g  5: 

5  V  -e 

•  2  s 

e  V  ^ 
>  5-  J2 

^  ts  b 

to  - 


2I 


.  2  fc  . 

£  tA 

•«  3 
jC  **  O 

£  g5£ 

c  -  •  = 

"-f  ^ 


-  c-  'g  * 

^  S  g 

2  2-3  2 

!:  £  I 

S{  —  rt 

o  c  S  c 


rii:-iey 


■e  2  4 

o  ?|  2 
b  X  ^  ^ 

•St  ^  3 


—  4- 


I 


